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TO 


GEOBGE  TDRNBUIL,  ESQ.,  C.E.,  P.E.A.S.,  ETC., 


hA!tm  SHGDnaiB^IK-CHIBF  OF  TBI  IA8T  nTDIAlT  EAILWAT. 


My  ueam  Mb.  Tubnbxtll, 

In  dedicating  the  present  Work  to  yon  I  am  moved  b j 

two  main  oonedderations : — ^First,  to  testify  in  the  best  manner 

I  can  mj  regard  and  esteem  for  yon  personally ;  and  Second,  to 

^  4nark  my  sense  of  the  skill,  tact,  and  abiding  integrity  which 

yon  brought  to  the  onerons  dnty  of  constracting  the  first  and 

greatest  of  the  Indian  railways,  and  of  which,  while  in  India,  I 

^had  opportunities  of  forming  a  just  appreciation. 

9        The  public  in  this  country — ^traditionally  so  ignorant  of 

^   India — ^has  yet  to  learn  the  important  fiBust,  that  the  works 

"^    carried  out  under  your  direction  in  that  country,  are  greater 

»    and  more  difficult  than  most  of  those  which  are  to  be  found  at 

home;  and  that  among  other  achieyements,  you  constructed 

the  largest  bridge  in  the  world — the  great  bridge  over  the  St. 

Lawrence  alone  excepted.    But  these  technical  successes,  im- 

portant  as  they  are,  were  not  more  eminent  than  those  which 

you  won  over  the  discouragements  and  difficulties  of  the  Indian 

ft 

)    offidal  qrstem— ending,  too,  in  gaining  the  esteem  and  appro- 


^ 


IV  DEDICATION. 

bation  of  the  Indian  Government,  as  well  as  of  those  for  whom 
yon  zealously  labored  for  so  many  years  in  India. 

Whatever  the  benefits  may  be  of  the  Indian  railways,  their 
gTtaU»t  benefit  is  that  they  have  taken  to  that  country  men  who 
have  impressed  the  people  with  their  skill,  and  who  have  ac- 
quired an  accurate  perception  of  the  physical  wants  of  the 
country,  together  with  all  that  practical  knowledge  of  localities 
which  will  enable  them  to  carry  out  with  confidence,  economy, 
and  success,  the  numerous  improvements  still  required  by  that 
great  dependency,  and  upon  which  only  a  comparatively  small 
beginning  has  yet  been  made. 

I  remain,  my  dear  Mr.  Turnbull, 

Truly  yours, 

J.  BOUBNE. 


PREFACE. 


The  present  work,  designed  mainly  as  a  Key  to  my 
*  Catechism  of  the  Steam-Engine/  has,  daring  its  compo- 
sition, been  somewhat  extended  in  its  scope  and  objects,  so 
as  also  to  snpply  any  points  of  information  in  which  it 
appeared  to  me  the  Catechism  was  deficient,  or  whereby 
the  utility  of  this  Handbook  as  a  companion  volume  would 
be  increased. 

The  purpose  of  the  Catechism  being  rath^  to  enun- 
ciate sound  principles  than  to  exemplify  the  application  of 
those  principles  to  practice,  it  was  always  obvious  to  me 
that  another  work  which  would  point  out  in  the  plainest 
possible  manner  the  methods  of  procedure  by  which  all 
computations  connected  with  the  steam-engine  were  to  be 
performed — illustrated  by  practical  examples  of  the  appli- 
cation of  the  several  rules — was  indispensable  to  satisfy 


the  wants  of  the  practical  engmeer  in  this  department 
of  enquiry.  The  present  work  was  consequently  begun, 
and  part  of  it  was  printed,  several  years  ago,  but  the 
pressure  of  other  pursuits  has  heretofore  hindered  its 
toropletion  ;  and  in  now  sending  it  forth  I  do  ao  with  Urn 
conviction  that  I  have  spared  no  pains  to  render  it  as 
usefiil  as  possible  to  the  large  class  of  imperfectly  educated 
engineers  to  whom  it  is  chiefly  addressed.  It  is  with  the 
view  of  enabling  ila  expositions  to  be  foUowed  by  those 
even  of  the  most  slender  scientific  attainments  that  I  have 
introduced  the  first  chapter,  explaining  those  several  pro- 
cesses of  arithmetic  by  which  engineering  computations 
are  worked  out.  For  although  there  is  no  want  of  man- 
uals imparting  this  information,  there  are  none  of  them, 
that  I  know  of,  which  have  special  reference  to  the  wants 
of  the  engineer ;  and  none  of  them  deal  with  those  asso- 
ciations, by  way  of  illastration,  with  which  the  engineer 
is  most  familiar.  Indeed,  engineers,  like  sailors  and  other 
large  classes  of  men,  have  an  order  of  ideas,  and,  to  some 
extent,  even  a  species  of  phraseology  of  their  own ;  and 
the  avenues  to  their  apprehension  are  moat  readily  opened 
by  illustrations  based  upon  their  existing  knowledge  and 
experience,  such  as  an  engineer  can  best  supply.  By  this 
familiar  method  of  exposition  the  idea  of  difficulty  is  dis- 
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peUed ;  and  scieiioe  loses  half  its  terrors  by  losing  all  its 
mjstery* 

If  I  might  infer  the  probable  reception  of  the  present 
work  firom  the  nnmerons  anxions  enquiries  addressed  to 
me  from  all  quarters  of  the  world  during  the  last  ten 
years,  touching  the  prospects  of  its  speedy  appearance,  I 
should  augur  for  it  a  wider  popularity  than  any  work  I 
have  yet  written.  The  questions  propounded  to  me  by 
engineers  and  others,  in  consequence  of  the  offer  I  made 
in  the  preface  to  my  '  Catechism  of  the  Steam-Engine,'  in 
1856,  to  endeayour  by  my  explanations  to  remove  such 
difficulties  as  impeded  their  progress,  have  had  the  effect 
of  showing  more  clearly  than  I  could  otherwise  have  per- 
ceiyed  what  the  prevalent  difficulties  of  learners  have 
been ;  and  I  have  consequently  been  enabled  to  give  such 
explanations  in  the  present  work  as  appeared  best  calcu- 
lated to  meet  those  difficulties  for  the  future. 

To  several  of  my  correspondents  I  have  to  acknowledge 
myself  indebted  for  the  correction  of  typographical  errors 
in  my  several  works,  and  also  for  valuable  suggestions  of 
various  kinds,  which  I  have  made  use  of  in  every  case  in 
which  they  were  available. 

I  may  here  take  occasion  to  notify  that  I  have  lately 
prepared  an  introduction  to  my  '  Catechism  of  the  Steam- 


the  wants  of  tbe  praMrtical  engineer  in  this  department 

of  enquiry.     The  present  work  was  conaequentlj  began, 
and  part  of  it  was  printed,  several  years  ago,  bnt  the 
pressure    of   other   pursuits   has   heretofore  hiuclered   its 
completion  ;   and  in  now  sending  it  forth  I  do  so  with  the    ' 
conviction  that  I  have  spared  no  pains  to  render  it  as 
useful  as  possible  to  the  large  class  of  imperfectly  educated 
engineers  to  whom  it  is  chiefly  addressed.     It  is  with  the 
view  of  enabling  its  expositions  to  be  foUowed  by  those 
oven  of  the  most  slender  scientiiic  attaiuments  that  I  have 
inlroducod  the  first  chapter,  explaining  those  several  pro- 
cesses of  arithmetic  by  which  engineering  computationB 
are  worked  out.     For  although  there  is  no  want  o 
nala  imparling  this  information,  tliere  are  none  of  them, 
that  I  know  of,  which  have  special  reference  to  the  v 
of  the  engineer ;  aad  none  of  them  deal  with  those  « 
ciations,  by  way  of  illustration,  with  which  the  engineer  i 
ll  most  familiar.     Indeed,  engineers,  like  sailors  and  oAaM 
largn  olassos  of  men,  have  an  order  of  ideas,  and,  to  A 
extent,  oven  a  species  of  phraseology  of  their  a 
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TO 


GEORGE  TUMBULL,  ESQ.,  C.E.,  F.R.A.S.,  ETC., 


LATB  BNaiimB^IN-OHIBr  OF  THB  BAST  XHDIAIT  BAILWAT. 


My  dkab  Mb.  Ttjbnbull, 

In  dedicating  the  present  Work  to  yon  I  am  moved  bj 

two  main  considerations : — ^First,  to  testify  in  the  best  manner 

I  can  my  regard  and  esteem  for  yon  personally ;  and  Second,  to 

^  4nark  my  sense  of  the  skill,  tact,  and  abiding  integrity  which 

yon  brought  to  the  onerous  duty  of  constructing  the  first  and 

greatest  of  the  Indian  railways,  and  of  which,  while  in  India,  I 

^had  opportunities  of  forming  a  just  appreciation. 

S        The  public  in  this  country — ^traditionally  so  ignorant  of 

^   India — has  yet  to  learn  the  important  fiEtct,  that  the  works 

"^    carried  out  under  your  direction  in  that  country,  are  greater 

*    and  more  difficult  than  most  of  those  which  are  to  be  found  at 

home;  and  that  among  other  achievements,  you  constructed 

the  largest  bridge  in  the  world — the  great  bridge  over  the  St. 

Lawrence  alone  excepted.    But  these  technical  successes,  im- 

portant  as  they  are,  were  not  more  eminent  than  those  which 

you  won  over  the  discouragements  and  difficulties  of  the  Indian 

)    official  system — ending,  too,  in  gaining  the  esteem  and  appro- 
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PREFACE. 


The  present  work,  designed  mainly  as  a  Key  to  my 
*  Catechism  of  the  Steam-Engine/  has,  during  its  compo- 
sition, been  somewhat  extended  in  its  scope  and  objects,  so 
as  also  to  snpply  any  points  of  information  in  which  it 
appeared  to  me  the  Catechism  was  deficient,  or  whereby 
the  utility  of  this  Handbook  as  a  companion  volume  would 
be  increased. 

The  purpose  of  the  Catechism  being  rathw  to  enun- 
ciate sound  principles  than  to  exemplify  the  application  of 
those  principles  to  practice,  it  was  always  obvious  to  me 
that  another  work  which  would  point  out  in  the  plainest 
possible  manner  the  methods  of  procedure  by  which  all 
computations  connected  with  the  steam-engine  were  to  be 
performed — ^illustrated  by  practical  examples  of  the  appli- 
cation of  the  several  rules — ^was  indispensable  to  satisfy 


iv  DKDIGAIIOK. 

bati0ii  of  the  Indian  GoTenunoit,  as  weQ  as  of  those  for  whom 
yon  zealondy  labored  for  so  man j  jears  m  India. 

Whatever  the  benefits  maj  be  of  the  Indian  railwa js,  their 
greaUat  benefit  is  that  they  have  taken  to  that  country  men  who 
have  impressed  the  people  with  their  skQl,  and  who  have  ac- 
quired an  accortte  perception  of  the  physical  wants  of  the 
conntry,  together  with  all  that  practical  knowledge  of  localities 
which  will  enable  them  to  carry  oat  with  confidence,  economy, 
and  soccess,  the  nnmerons  improvements  still  reqoired  by  that 
great  dependency,  and  npon  which  only  a  oomparatively  small 
beginning  has  yet  been  made. 

I  remain,  my  dear  Mr.  Tumbnll, 

Tmly  yoors, 

J.  BOURNE. 


PREFACE. 


The  present  work,  designed  mainly  as  a  Key  to  my 
*  Catechism  of  the  Steam-Engine,'  has,  during  its  compo- 
sition, been  somewhat  extended  in  its  scope  and  objects,  so 
as  also  to  supply  any  points  of  information  in  which  it 
appeared  to  me  the  Catechism  was  deficient,  or  whereby 
the  utility  of  this  Handbook  as  a  companion  volume  would 
be  increased. 

The  purpose  of  the  Catechism  being  rather  to  enun- 
ciate sound  principles  than  to  exemplify  the  application  of 
those  principles  to  practice,  it  was  always  obvious  to  me 
that  another  work  which  would  point  out  in  the  plainest 
possible  manner  the  methods  of  procedure  by  which  all 
computations  connected  with  the  steam-engine  were  to  be 
performed — illustrated  by  practical  examples  of  the  appli- 
cation of  the  several  rules — ^was  indispensable  to  satisfy 
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TO 


GE0E6E  TUENBULL,  ESQ.,  C.E.,  F.E.A.S.,  ETC., 


liATB  BNCONSSB-IK-CHIBP  Or  THX  BAST  nn>IAN  RAILWAY. 


My  dbab  Ms.  Tubnbull, 

In  dedicating  the  pres^it  Work  to  yon  I  am  moved  b j 
two  main  con^derations : — ^First,  to  testify  in  the  best  manner 
I  can  my  regard  aad  esteem  for  yon  personally ;  and  Second,  to 
4nark  my  sense  of  the  skiU,  tact,  and  abiding  integrity  which 
yon  brought  to  the  onerous  duty  of  constraoting  the  first  and 
greatest  of  the  Indiaa  railways,  and  of  which,  while  in  India,  I 
^had  opportunities  of  forming  a  jnst  appreciation. 
9        The  public  in  this  country — traditionally  so  ignoraat  of 
^   India — ^has  yet  to  learn  the  important  fact,  that  the  works 
"^    carried  out  under  your  direction  in  that  country,  are  greater 
*     and  more  difficult  than  most  of  those  which  are  to  be  found  at 
home;  and  that  among  other  achievements,  you  constructed 
the  largest  bridge  in  the  world — the  great  bridge  over  the  St. 
Lawrence  alone  excepted.    But  these  technical  successes,  im- 
portant as  they  are,  were  not  more  eminent  than  those  which 
yon  won  over  the  discouragements  and  difficulties  of  the  Indian 
)    official  system — ending,  too,  in  gaining  the  esteem  and  appro- 
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bation  of  the  Indian  Government,  as  well  as  of  those  for  whom 
yon  zealously  labored  for  so  many  years  in  India. 

Whatever  the  benefits  may  be  of  the  Indian  railways,  their 
greatest  benefit  is  that  they  have  taken  to  that  country  men  who 
have  impressed  the  people  with  their  skill,  and  who  have  ac- 
quired an  accurate  perception  of  the  physical  wants  of  the 
country,  together  with  all  that  practical  knowledge  of  localities 
which  will  enable  them  to  carry  out  with  confidence,  economy, 
and  success,  the  numerous  improvements  still  required  by  that 
great  dependency,  and  upon  which  only  a  comparatively  small 
beginning  has  yet  been  made. 

I  remain,  my  dear  Mr.  Turnbull, 

Truly  yours, 

J.  BOUENE. 
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The  present  work,  designed  mainly  as  a  Key  to  my 
^  Catechism  of  the  Steam-Engine/  has,  during  its  compo- 
sition, been  somewhat  extended  in  its  scope  and  objects,  so 
as  also  to  snpply  any  points  of  information  in  which  it 
appeared  to  me  the  Catechism  was  deficient,  or  whereby 
the  utility  of  this  Handbook  as  a  companion  volume  would 
be  increased. 

The  purpose  of  the  Catechism  being  rath^  to  enun- 
ciate sound  principles  than  to  exemplify  the  application  of 
those  principles  to  practice,  it  was  always  obvious  to  me 
that  another  work  which  would  point  out  in  the  plainest 
possible  manner  the  methods  of  procedure  by  which  all 
computations  connected  with  the  steam-engine  were  to  be 
performed — illustrated  by  practical  examples  of  the  appli- 
cation of  the  several  rules — ^was  indispensable  to  satisfy 
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the  wants  of  the  practical  engineer  in  this  department 
of  enquiry.  The  present  work  was  consequently  begun, 
and  part  of  it  was  printed,  several  years  ago,  but  the 
pressure  of  other  pursuits  has  heretofore  hindered  its 
completion ;  and  in  now  sending  it  forth  I  do  so  with  the 
conviction  that  I  have  spared  no  pains  to  render  it  as 
useM  as  possible  to  the  large  class  of  imperfectly  educated 
engineers  to  whom  it  is  chiefly  addressed.  It  is  with  the 
view  of  enabling  its  expositions  to  be  followed  by  those 
even  of  the  most  slender  scientific  attainments  that  I  have 
introduced  the  first  chapter,  explaining  those  several  pro- 
cesses of  arithmetio  by  which  engineering  computations 
are  worked  out.  For  although  there  is  no  want  of  man- 
uals imparting  this  information,  there  are  none  of  them, 
that  I  know  of,  which  have  special  reference  to  the  wants 
of  the  engineer ;  and  none  of  them  deal  with  those  asso- 
ciations, by  way  of  illustration,  with  which  the  engineer 
is  most  familiar.  Indeed,  engineers,  like  sailors  and  other 
large  classes  of  men,  have  an  order  of  ideas,  and,  to  some 
extent,  even  a  species  of  phraseology  of  their  own ;  and 
the  avenues  to  their  apprehension  are  most  readily  opened 
by  illustrations  based  upon  their  existing  knowledge  and 
experience,  such  as  an  engineer  can  best  supply.  By  this 
familiar  method  of  exposition  the  idea  of  difficulty  is  dis- 
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peUed ;  and  scieiice  loses  half  its  terrors  by  losing  all  its 
mystery. 

If  I  might  infer  the  probable  reception  of  the  present 
work  £rom  the  nmnerons  anxious  enquiries  addressed  to 
me  from  all  quarters  of  the  world  during  the  last  ten 
years,  touching  the  prospects  of  its  speedy  appearance,  I 
should  augur  for  it  a  wider  popularity  than  any  work  I 
have  yet  written.  The  questions  propounded  to  me  by 
engineers  and  others,  in  consequence  of  the  offer  I  made 
in  the  preface  to  my  ^  Catechism  of  the  Steam-Engine,'  in 
1856,  to  endeavour  by  my  explanations  to  remove  such 
difficulties  as  impeded  theii^  progress,  have  had  the  effect 
of  showing  more  clearly  than  I  could  otherwise  have  per- 
ceived what  the  prevalent  difficulties  of  learners  have 
been ;  and  I  have  consequently  been  enabled  to  give  such 
explanations  in  the  present  work  as  appeared  best  calcu- 
lated to  meet  those  difficulties  for  the  future. 

To  several  of  my  correspondents  I  have  to  acknowledge 
myself  indebted  for  the  correction  of  typographical  errors 
in  my  several  works,  and  also  for  valuable  suggestions  of 
various  kinds,  which  I  have  made  use  of  in  every  case  in 
which  they  were  available. 

I  may  here  take  occasion  to  notify  that  I  have  lately 
prepared  an  Introduction  to  my  ^  Catechism  of  the  Steam- 
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Engiaoi'  which  reyiewB  the  most  important  ixuprovemento 
of  the  last  ten  years ;  and  which,  for  the  conyeni^ice  of 
persons  abeadj  possessing  the  Catechism,  maj  be  had 
separately.  These  three  works  taken  together  form  a  body 
of  engineering  information  so  dem^itaiy  as  to  he  intelli- 
giMe  by  anybody,  and  yet  so  full  thait  the  attentive  student 
of  th^DQL  will,  I  trust,  be  found  not  to  fiedl  &r  short  of  the 
most profici^it  engineers  in  aillhat relates  to  a  knowledge 
of  the  steamrengine  in  its  most  important  applications. 

J.  BOUBNS. 

Bebkxiat  Yilla,  Bsgint's  Pabk  Road, 
London:  1865. 
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2  ASITHMETIC  OF  THE    STEAK-ENOINE. 

cause  the  rationale  of  these  prooesses  has  not  been  much  ex- 
plained in  school  treatises,  but  the  results  presented  as  feats  of 
legerdemain  performed  by  the  application  of  a  certain  rule — the 
reason  of  which  is  not  made  apparent — ^that  the  idea  of  difficulty 
has  arisen  in  connection  with  such  enquiries.  The  rudest  and 
most  savage  nations  have  all  some  species  or  other  of  arithmetio 
suited  to  their  requirements.  The  natives  of  Madagascar,  when 
they  wish  to  count  the  number  of  men  in  their  army,  cause  the 
men  to  proceed  through  a  narrow  pass,  where  they  deposit  a 
stone  for  each  man  that  goes  through;  and  by  subsequently  ar- 
ranging these  stones  in  groups  of  ten  each,  and  these  again  in 
groups  of  a  hundred,  and  so  on,  they  are  enabled  to  arrive  at  a 
precise  idea  of  the  number  of  men  the  army  contains.  A  la- 
bourer in  counting  bricks  out  of  a  cart  or  barge  makes  a  chalk- 
mark  on  a  board  for  every  ten  bricks  he  hands  out ;  and  these 
chalk-marks  he  arranges  in  groups  of  five  or  ten  each,  so  that 
he  may  easily  reckon  up  the  total  number  of  groups  the  board 
contains.  These  are  expedients  of  numeration  which  the  most 
moderate  intelligence  will  suggest  as  conducive  to  the  acquisi- 
tion of  the  idea  of  quantity ;  and  the  rules  oi  arithmetio  are 
merely  an  extension  and  combination  of  such  methods  as  expe- 
rience has  shown  to  be  the  most  convenient  in  practice  to  ac- 
complish the  ends  sought. 

It  will  be  obvious  that  the  number  of  stones  or  chalk-marks 
collected  into  groups  in  the  preceding  examples  may  either  be 
five,  ten,  twelve,  or  any  other  number ;  the  only  necessary  con- 
dition being  that  the  number  in  each  group  shall  be  the  same. 
The  concurrent  practice  of  most  nations,  however,  is  to  employ 
groups  consisting  of  ten  objects  in  each  group ;  no  doubt  from 
the  circumstances  that  mankind  are  ^imished  with  ten  fingers, 
and  because  the  fingers  are  much  used  in  most  primitive  systems 
of  numeration.  In  some  cases,  however,  objects  are  reckoned 
by  the  dozen,  or  score,  or  gross  ;  or,  in  other  words,  a  dozen,  a 
score,  or  a  gross  of  objects  are  collected  in  each  group.  But  in 
the  ordinary  or  decimal  system  of  numeration,  ten  objects  or 
units  are  supposed  to  be  collected  in  each  group,  and  ten  of  these 
primary  groups  are  supposed  to  be  collected  in  each  higher  or 
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lai^er  gronp  of  the  class  immediately  above,  and  so  on  indefi- 
nitdy.  The  decimal  system  is  so  called  from  the  Latin  word 
(2000171,  ragnifying  tenj  and  the  word  unit  is  derived  from  the 
Latin  word  wws^  signifying  one.  Ten  units  form  a  group  of  ten, 
And  ten  of  these  groups  form  a  group  of  a  hundred^  and  ten  groups 
of  a  himdred  form  a  group  of  a  thouBcmdj  and  so  on  for  ever. 

The  Bomans,  whose  numbers  are  still  commonly  used  on  dock 
faces,  employed  a  mark  or  i  to  signify  one;  two  marks  or  n  to 
stgnify  two;  three  marks  or  in  to  signify  three;  and  four  marks 
or  nn  to  signify  four.  But  as  it  would  have  been  difficult  to 
count  these  marks  if  they  became  very  numerous,  they  employed 
tiie  letter  y  to  signify  five  and  the  letter  z  or  a  cross  to  signify 
ten,  and  v  is  the  same  mark  as  one-half  of  x,  which  was  no  doubt 
the  primary  of  the  two  characters.  An  i  appended  to  the  left- 
hand  side  of  the  v  or  z  signified  v  or  z  diminished  by  one, 
whereas  each  additional  i  added  to  the  right-hand  side  of  the  v 
or  z,  signified  one  added  to  v  or  z.  Thus  according  to  the 
Boman  numeration  iv  signifies  four ;  vi  signifies  six ;  iz  signifies 
nine;  zi  ngnifies  eleven;  zn  signifies  twelve;  and  so  on.  A 
hundred  is  flignified  by  the  letter  o,  the  initial  letter  of  the  Latin 
word  centunhj  signifying  a  hundred;  and  a  thousand  is  repre- 
sented by  the  letter  h,  the  initial  letter  of  the  Latin  word  milU, 
signifying  a  thousand. 

It  is  clear  that  the  Eoman  numeration,  though  adequate  to  the 
wants  of  a  primitive  people,  was  a  very  crude  and  imperfect  sys- 
tem. It  has  therefore  been  long  superseded  for  all  arithmetical 
purposes  by  the  system  of  notation  at  present  in  common  use, 
and  which  has  a  distinct  sign  or  figure  for  each  number  up  to  9, 
and  a  cipher  or  0,  which  has  no  individual  value,  but  which  af- 
fects the  value  of  other  figures.  This  system,  which  came  origi- 
nally from  India,  was  brought  into  Europe  by  the  Moors ;  and  in 
common  with  most  of  the  oriental  languages,  it  is  written  from 
right  to  left  instead  of  from  left  to  right,  like  the  languages  of 
Europe,  so  that  in  performing  a  sum  in  arithmetic — as  in  writing 
a  word  in  Sanscrit  or  Arabic — we  have  to  begin  at  the  right- 
hand  side  of  the  page.  In  this  system  the  classes  or  orders  of 
the  objects  or  groups  of  objects  is  indicated  by  the  place  occu- 
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CHAPTER  L 

ASITHMETIO  OF  THE  STEAM-ENGINE. 

In  this  chapter  I  propose  to  explain  as  plainly  and  simply  as  I 
can  those  principles  of  arithmetic  which  it  is  necessary  to  know, 
that  we  may  be  able  to  perform  all  ordinary  engineering  calcnla- 
tions.  In  order  that  my  remarks  may  be  generally  nsefol  to  work- 
ing mechanics  of  little  education,  I  shall  proceed  upon  the  suppo- 
sition that  the  reader  is  not  merely  destitute  of  all  arithmetical 
knowledge,  but  that  he  has  no  ideas  of  number  or  quantity  that 
are  not  of  the  most  vague  and  indefinite  description.  I  have  known 
many  engineers — ^who  were  otherwise  men  of  ability — to  be  in 
this  condition ;  and  the  design  of  these  observations  is  to  enable 
such,  with  the  aid  of  their  own  common  sense  and  their  familiar 
associations,  to  arrive  at  tangible  ideas  respecting  the  properties  of 
numbers,  and  to  perform  with  facility  all  the  ordinary  engineering 
calculations  which  occur  in  the  requirements  of  engineering  prac- 
tice. These  various  topics  are  not  beset  with  any  serious  diffi- 
culty. The  processes  of  arithmetic  are  merely  expedients  for  faci- 
litating the  discovery  of  results  which  every  mechanic  of  ordinary 
ingenuity  would  find  a  means  of  discovering  for  himself,  if 
really  called  upon  to  set  about  the  task ;  and  it  is  mainly  be- 
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larger  gronp  of  the  class  immediately  above,  and  so  on  indefi- 
nitdy.  The  decimal  system  is  so  called  from  the  Latin  word 
decern,  dgnifying  ten,  and  the  word  unit  is  derived  from  the 
Latan  word  unus,  signifying  one.  Ten  nnits  form  a  group  of  ten, 
And  ten  of  these  groups  form  a  group  of  a  hundred,  and  ten  groups 
of  a  hnndred  form  a  group  of  a  thousand,  and  so  on  for  ever. 

The  Bomans,  whose  numbers  are  still  commonly  used  on  dock 
fiboes,  employed  a  mark  or  i  to  signify  one;  two  marks  or  n  to 
signify  two;  three  marks  or  in  to  signify  three ;  and  four  marks 
or  nn  to  agnify  four.  But  as  it  would  have  been  difficult  to 
count  these  marks  if  they  became  very  numerous,  they  employed 
the  letter  y  to  dgnify  five  and  the  letter  z  or  a  cross  to  signify 
ten,  and  v  is  the  same  mark  as  one-half  of  x,  which  was  no  doubt 
the  primary  of  the  two  characters.  An  i  appended  to  the  left- 
hand  side  of  the  v  or  z  signified  v  or  z  diminished  by  one, 
whereas  each  additional  i  added  to  the  right-hand  side  of  the  v 
or  z,  signified  one  added  to  v  or  z.  Thus  according  to  the 
Roman  numeration  iv  signifies  four ;  vi  signifies  six ;  iz  signifies 
nine;  zi  dgnifies  eleven;  zn  signifies  twelve;  and  so  on.  A 
hundred  is  signified  by  the  letter  o,  the  initial  letter  of  the  Latin 
word  eentum,  signifying  a  hundred;  and  a  thousand  is  repre- 
sented by  the  letter  h,  the  initial  letter  of  the  Latin  word  mille, 
signifying  a  thousand. 

It  is  clear  that  the  Eoman  numeration,  though  adequate  to  the 
wants  of  a  primitive  people,  was  a  very  crude  and  imperfect  sys- 
tem. It  has  therefore  been  long  superseded  for  all  arithmetical 
purposes  by  the  system  of  notation  at  present  in  common  use, 
and  which  has  a  distinct  sign  or  figure  for  each  number  up  to  9, 
and  a  cipher  or  0,  which  has  no  individual  value,  but  which  af- 
fects the  value  of  other  figures.  This  system,  which  came  origi- 
nally from  India,  was  brought  into  Europe  by  the  Moors ;  and  in 
common  with  most  of  the  oriental  languages,  it  is  written  from 
right  to  left  instead  of  from  left  to  right,  like  the  languages  of 
Europe,  so  that  in  performing  a  sum  in  arithmetic — as  in  writing 
a  word  in  Sanscrit  or  Arabic — we  have  to  begin  at  the  right- 
hand  side  of  the  page.  In  this  system  the  classes  or  orders  of 
the  objects  or  groups  of  objects  is  indicated  by  the  place  occu- 


Xii  CONTENTS. 


PAQX 

ProportioDs  of  JPlue  Boilers     .           .           .           .           •           .  811 

Proportions  of  Modem  Boilers      .....  814 

IndicationJs  to  be  fulfilled  in  Marine  Boilers              .           .           .  316 

Strength  of  Boilers             ......  320 

Example  of  a  Locomotive  Boiler        .....  829 

CHAPTER  VI. 

POWEB  AND  PEBFORMANOB  OF  ENGIXE8. 

Construction  and  use  of  the  Indicator           ....  833 

Counter,  Dynamometer,  and  Duty  Meter             .           .           .  872 

Heating  Surface  in  Modem  Boilers     .....  375 

Relative  Surface  Areas  in  Boilers  and  Condensers         .           ..  880 

Giffard's  Injector          .......  888 

Comparative  Efficacy  of  Hydraulic  Machines       .           .           .  885 

Power  required  to  Drive  different  Factories             .           .           .  886 

CHAPTER  Vn. 

STBAU     NAVtQATION. 

Resistance  of  Vessels              ......  399 

Friction  of  Water    .......  428 

Speed  of  Steamers  of  a  Given  Power            ....  429 

General  Conclusions           ......  458 

Examples  of  Lines  of  Approved  Steamers     .           %           •           .  454 


HANDBOOK 


OF 


THE    StEAM-ENGINE 


CHAPTER  L 

ASITHMETIO  OF  THE  STEAM-ENGINE. 

In  this  chapter  I  propose  to  explain  as  plainly  and  simply  as  I 
can  those  principles  of  arithmetic  which  it  is  necessary  to  know, 
that  we  may  be  able  to  perform  all  ordinary  engineering  calcnla- 
tions.  In  order  that  my  remarks  may  be  generally  nsefol  to  work- 
ing mechanics  of  httle  education,  I  shall  proceed  upon  the  suppo- 
sition that  the  reader  is  not  merely  destitute  of  aU  arithmetical 
knowledge,  but  that  he  has  no  ideas  of  number  or  quantity  that 
are  not  of  the  most  vague  and  indefinite  description.  I  have  known 
many  engineers — ^who  were  otherwise  men  of  ability — ^to  be  in 
this  condition ;  and  the  design  of  these  observations  is  to  enable 
such,  with  the  aid  of  their  own  common  sense  and  their  familiar 
associations,  to  arrive  at  tangible  ideas  respecting  the  properties  of 
nnmbers,  and  to  perform  with  facility  all  the  ordinary  engineering 
calculations  which  occur  in  the  requirements  of  engineering  prac- 
tice.   These  various  topics  are  not  beset  with  any  serious  diffi- 
culty. The  processes  of  arithmetic  are  merely  expedients  for  faci- 
litating the  discovery  of  results  which  every  mechanic  of  ordinary 
ingenuity  would  find  a  means  of  discovering  for  himself,  if 
really  called  upon  to  set  about  the  task ;  and  it  is  mainly  be- 
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canse  the  rationale  of  these  processes  has  not  been  much  ex- 
plained in  school  treatises,  bnt  the  results  presented  as  feats  of 
legerdemain  performed  bj  the  application  of  a  certain  role— the 
reason  of  which  is  not  made  apparent — ^that  the  idea  of  difficulty 
has  arisen  in  connection  with  such  enquiries.  The  rudest  and 
most  savage  nations  have  aU  some  species  or  other  of  arithmetio 
suited  to  their  requirements.  The  natives  of  Madagascar,  when 
they  wish  to  count  the  number  of  men  in  their  army,  cause  the 
men  to  proceed  through  a  narrow  pass,  where  they  depodt  a 
stone  for  each  man  that  goes  through;  and  by  subsequently  ar- 
ranging these  stones  in  groups  of  ten  each,  and  these  again  in 
groups  of  a  hundred,  and  so  on,  they  are  enabled  to  arrive  at  a 
precise  idea  of  the  number  of  men  the  army  contains.  A  la- 
bourer in  counting  bricks  out  of  a  cart  or  barge  makes  a  chalk- 
mark  on  a  board  for  every  ten  bricks  he  hands  out ;  and  these 
chalk-marks  he  arranges  in  groups  of  five  or  ten  each,  so  that 
he  may  easily  reckon  up  the  total  number  of  groups  the  board 
contains.  These  are  expedients  of  numeration  which  the  most 
moderate  intelligence  will  suggest  as  conducive  to  the  acquisi- 
tion of  the  idea  of  quantity ;  and  the  rules  of  arithmetic  are 
merely  an  extension  and  combination  of  such  methods  as  expe- 
rience has  shown  to  be  the  most  convenient  in  practice  to  ac- 
complish the  ends  sought. 

It  will  be  obvious  that  the  number  of  stones  or  chalk-marks 
collected  into  groups  in  the  preceding  examples  may  either  be 
five,  ten,  twelve,  or  any  other  number ;  the  only  necessary  con- 
dition being  that  the  number  in  each  group  shall  be  the  same. 
The  concurrent  practice  of  most  nations,  however,  is  to  employ 
groups  consisting  of  ten  objects  in  each  group ;  no  doubt  from 
the  circumstances  that  mankind  are  ftimished  with  ten  fingers, 
and  because  the  fingers  are  much  used  in  most  primitive  systems 
of  numeration.  In  some  cases,  however,  objects  are  reckoned 
by  the  dozen,  or  score,  or  gross  ;  or,  in  other  words,  a  dozen,  a 
score,  or  a  gross  of  objects  are  collected  in  each  group.  But  in 
the  ordinary  or  decimal  system  of  numeration,  ten  objects  or 
units  are  supposed  to  be  collected  in  each  group,  and  ten  of  these 
primary  groups  are  supposed  to  be  collected  in  each  higher  or 
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larger  gronp  of  the  class  immediately  above,  and  so  on  indefi- 
nitely. The  decimal  system  is  so  called  from  the  Latin  word 
deeem^  ragnifying  ten,  and  the  word  unit  is  derived  from  the 
Lafan  word  umu,  signifying  one.  Ten  nnits  form  a  group  of  ten, 
aod  ten  of  these  groups  form  a  group  of  a  hundred,  and  ten  groups 
of  a  hnndred  form  a  group  of  a  thouscmd,  and  so  on  for  ever. 

The  Bomans,  whose  numbers  are  still  commonly  used  on  dock 
ftoes,  employed  a  mark  or  i  to  signify  one ;  two  marks  or  n  to 
signify  two;  three  marks  or  in  to  signify  three;  and  four  marks 
or  nn  to  signify  four.  But  as  it  would  have  been  difficult  to 
count  these  marks  if  they  became  very  numerous,  they  employed 
tiie  letter  y  to  signify  five  and  the  letter  z  or  a  cross  to  signify 
ten,  and  v  is  the  same  mark  as  one-half  of  x,  which  was  no  doubt 
the  primary  of  the  two  characters.  An  i  appended  to  the  left- 
hand  side  of  the  v  or  z  signified  v  or  z  diminished  by  one, 
whereas  each  additional  i  added  to  the  right-hand  side  of  the  v 
or  z,  signified  one  added  to  v  or  z.  Thus  according  to  the 
Boman  numeration  iv  signifies  four ;  vi  ragnifies  six ;  iz  signifies 
nine;  zi  signifies  eleven;  zn  signifies  twelve;  and  so  on.  A 
hundred  is  signified  by  the  letter  o,  the  initial  letter  of  the  Latin 
word  eerUum,  signifying  a  hundred;  and  a  thousand  is  repre- 
sented by  the  letter  h,  the  initial  letter  of  the  Latin  word  mille, 
signifying  a  thousand. 

It  is  clear  that  the  Eoman  numeration,  though  adequate  to  the 
wants  of  a  primitive  people,  was  a  very  crude  and  imperfect  sys- 
tem. It  has  therefore  been  long  superseded  for  all  arithmetical 
purposes  by  the  system  of  notation  at  present  in  common  use, 
and  which  has  a  distinct  sign  or  figure  for  each  number  up  to  9, 
and  a  cipher  or  0,  which  has  no  individual  value,  but  which  af- 
fects the  value  of  other  figures.  This  system,  which  came  origi- 
nally from  India,  was  brought  into  Europe  by  the  Moors ;  and  in 
common  with  most  of  the  oriental  languages,  it  is  written  from 
right  to  left  instead  of  from  left  to  right,  like  the  languages  of 
Europe,  so  that  in  performing  a  sum  in  arithmetic — as  in  writing 
a  word  in  Sanscrit  or  Arabic — we  have  to  begin  at  the  right- 
hand  side  of  the  page.  In  this  system  the  classes  or  orders  of 
the  objects  or  groups  of  objects  is  indicated  by  the  place  occu- 
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pied  bj  the  figures  which  express  their  valae.  Thus  in  the  case 
of  the  groups  of  stones  employed  in  Madagascar,  the  figure  8 
may  be  employed  to  designate  either  three  individual  stones,  or 
three  gronps  of  ten  each,  or  three  groups  of  a  hundred  each ;  but 
in  Ufflng  the  figure  it  is  quite  indispensable  that  it  should  appear, 
by  some  distinctiye  mark,  which  order  or  class  is  intended  to  be 
designated.  We  might  use  the  figure  8  to  dengnate  three  nngle 
stones,  and  we  might  use  the  figure  with  a  drole  round  it  to  de- 
note groups  of  ten  each,  and  with  a  square  round  it  to  denote 
groups  of  a  hundred  each.  But  on  trial  of  such  a  system  we 
should  find  it  to  be  very  cumbrous  and  perplexing,  and  the  method 
found  to  be  most  convenient  is  to  add  a  cipher  after  the  three  to 
show  that  groaps  of  tens  are  intended  to  be  signified,  and  two 
ciphers  to  show  that  groups  of  hundreds  are  intended  to  be  sig- 
nified. Three  groups  of  tens,  or  thirty,  are  therefore  expressed 
by  BO,  and  three  groups  of  hundreds  are  expressed  by  800. 
Here  the  ciphers  operate  wholly  in  advancing  the  8  into  a  higher 
and  higher  position,  which,  however,  other  figures  wiU  equally 
suffice  to  do  if  there  are  any  such  to  be  expressed.  Three  groups 
of  one  hundred  stones  in  each,  three  groups  of  ten  stones  in  each, 
and  three  individual  stones,  will  therefore  be  represented  by  the 
number  888,  in  which  the  same  figure  recurs  three  times,  but 
which  is  counted  ten  times  greater  at  each  successive  place  to 
which  it  is  advanced,  reckoning  from  the  right  to  the  left.  Of 
course,  the  number  three  hundred  and  thirty-three  might  be 
represented  in  an  infinite  number  of  other  ways,  differing  more 
or  less  from  the  one  here  indicated;  and  any  of  the  properties 
belonging  to  the  number  would  equally  hold  by  whatever 
expedient  of  notation  it  was  expressed.  But  the  manner  here 
described  is  that  which  the  accumulated  experience  of  manMnd 
has  shown  to  be  the  most  convenient;  and  it  is  therefore  gen- 
erally adopted,  though  it  is  proper  to  understand  that  there  is  no 
more  necessary  relation  between  the  number  itself  and  the  comr 
mon  mode  of  expressing  it,  than  there  is  between  the  Latin  word 
equiiSj  a  horse,  and  that  most  useful  of  quadrupeds.  In  each 
case  the  relations  are  wholly  conventional,  and  might  be  altered 
without  in  any  way  affecting  the  object 
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Aiithmetio  is  the  science  of  numbers.    Nmnbers  treat  of 
magnitade  or  qnantity ;  and  wliatever  is  capable  of  increase  or 
diminntion  is  a  magnitade  or  quantity.    A  sum  of  money,  a 
weighty  or  a  snrfaoe,  is  a  quantity,  being  capable  of  increase  or 
diminntion.    But  as  we  cannot  measnre  or  determine  any  qoanr 
tity  except  by  considering  some  other  quantity  of  the  same  kind 
as  known,  and  pointing  out  their  mutaal  relation,  the  measure- 
ment of  quantity  or  magnitude  of  all  kinds  is  reduced  to  this :  fix  at 
pleasure  upon  any  one  known  kind  of  magnitude  of  the  same  spe- 
des  as  that  which  has  to  be  determined,  and  condder  it  as  the 
measure  ot  unit,  and  determine  the  proportion  of  the  proposed 
magnitade  to  this  known  measure.    This  proportion  is  always 
expressed  by  numbers ;  so  that  number  is  nothing  more  than  the 
proportion  of  one  magnitude  to  that  of  some  other  magnitude 
arbitrarily  assumed  as  the  xmit.    If^  for  example,  we  want  to 
determine  the  magnitude  of  a  sum  of  money,  we  must  take  some 
piece  of  known  tbIuc — such  as  the  pound  or  shilling — and  show 
how  many  such  pieces  are  contained  in  the  given  sum.    If  we 
wish  to  express  the  distance  between  two  cities,  we  must  use 
some  such  recognized  measure  of  length  as  the  foot  or  mile ;  and 
if  we  wish  to  ascerttdn  the  magnitude  of  an  estate,  we  must  em- 
ploy some  such  measure  of  surface  as  the  square  mile  or  acre. 
The  foot-rule  is  the  measure  of  length  most  used  for  engineering 
purposes.    The  foot  is  divided  into  twelve  inches,  and  the  inch 
is  subdivided  into  half  inches,  quarter  inches,  eighths,  and  six- 
teenths.   It  is  clear  that  two  half  inches  or  four  quarter  inches 
make  an  inch,  as  also  do  eight  eighths  and  sixteen  sixteenths ; 
and  indeed  it  is  obvious  that  into  whatever  number  of  parts  the 
inch  is  divided,  we  shall  equally  have  the  whole  inch  if  we  take 
the  whole  of  the  parts  of  it.    If  the  inch  were  to  be  divided  into 
ten  equal  parts,  then  ten  of  these  parts  would  make  an  inch. 
Fractional  parts  of  an  inch,  or  of  any  other  quantity,  are  ex- 
pressed as  foUows :  a  half,  i;  a  quarter,  J;  an  eighth,  i ;  a  six- 
teenth, -jV ;  and  a  tenth,  yV*    The  figure  above  the  Hne  is  called 
the  numerator,  because  it  fixes  the  numler  of  halves,  quarters, 
or  eighths,  which  is  intended  to  be  expressed ;  and  the  figure 
below  the  line  is  called  the  denominator,  because  it  fixes  the 
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order  or  denomination  of  the  fraction,  whether  halves,  quarters, 
eighths,  or  otherwise.    Thus  in  the  fractions  fths  and  Jths,  the 
figures  3^  and  *l  are  the  nranerators,  and  the  figores  4  and  8  the 
denominators ;  and  f ths,  {ths,  or  IJths,  are  clearly  equal  to  1. 
Bo  also  f ths,  fths,  and  l^iiis  are  clearly  greater  than  1,  the  first 
being  equal  to  l^th,  the  second  to  l^th,  and  the  third  to  l^ttu 
The  species  of  fractions  here  referred  to  is  that  which  is 
called  vulgar  fraetionSy  as  being  the  Mnd  of  fractions  in  common 
nse;  and  every  engineer  who  speaks  of  fths  or  fths  of  an  inch, 
and  every  housewife  who  speaks  of  f  of  a  pound  of  sugar,  or  •}•  a 
pound  of  tea,  refers,  perhaps  unconsciously,  to  this  species  of 
numeration.    There  is  another  species  of  fractions,  however, 
called  decimal  fractions^  not  usually  employed  for  domestic  pur- 
poses, but  which  is  specially  useful  in  arithmetical  computations, 
and  these  fractions  being  dealt  with  in  precisely  the  same  man- 
ner as  ordinary  figures,  are  very  easy  in  their  application.    In 
ordinary  figures,  the  value  of  each  succeeding  figure,  counting 
from  the  right  to  the  left;,  is  ten  times  greater  than  the  preceding 
one,  in  consequence  of  its  position ;  and  in  decimal  fractions  the 
value  of  each  succeeding  figure,  oounting  from  leffc  to  right,  is 
ten  lames  less.    Thus  the  figures  1111  signify  one  thousand  one 
hundred  and  eleven;  and  if  after  the  last  unit  we  place  a  period 
or  fdl  stop,  and  write  a  one  after  it  thus,  1111*1,  we  have  one 
thousand  one  hundred  and  eleven  and  one-tenth.    The  period, 
or  decimal  pointy  as  it  is  termed,  prefixed  to  any  number,  im- 
plies that  it  is— not  a  whole  number — ^but  a  decimal  fraction. 
Thus  '1  means  one-tenth,  '2  two-tenths,  '3  three-tenths,  '4  four- 
tenths,  and  so  on.    So  in  like  manner  *11  means  one-tenth  and 
one  hundredth,  or  eleven  hundredths;  *22  means  two-tenths  and 
two  hundredths,  or  twenty-two  hundredths;  '38,  three-tenths 
and  three  hundredths,  or  thirty-three  hundredths ;  and  so  on — 
each  successive  figure  of  the  fraction  countLug  from  the  left  to 
the  right,  being  from  its  position  ten  times  less  than  that  which 
went  before  it.    The  number  'llll  signifies  one  thousand  one 
hundred  and  eleven  ten  thousandths,  the  first  decimal  place 
being  tenths,  the  next  hundredths,  the  next  thousandths,  the 
next  ten  thousandths,  and  so  on.    If  we  wish  to  expi^s  a  hun- 
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dredth  by  tins  notation^  we  place  a  cipher  before  the  unit  thus, 
'01 ;  if  a  thousandth  two  ciphers,  *001 ;  and  so  of  all  other  quan- 
tities. The  mnltiplication,  division,  and  aU  the  other  arithmeti- 
oal  operations  required  to  be  performed  with  decimal  fractions, 
are  conducted  in  precisely  the  same  manner  as  if  they  were 
Oirdinary  numbers — the  decimal  progression  being  carried  down- 
wards in  the  one  case  precisely  in  the  same  manner  as  it  is  car- 
ried upwards  in  the  other  case ;  and  it  is  easy  to  suppose  that 
the  stones  used  by  the  natives  of  Madagascar  may  not  only  be 
collected  into  groups  of  tens  and  hundreds,  but  that  each  stone 
may  also  be  subdivided  into  tenths,  hundredths,  or  thousandths, 
so  that  parts  of  a  stone  may  be  reckoned.  Instead  of  dividing 
the  stone  into  halves,  and  quarters,  and  eighths,  and  sixteenths, 
as  would  be  done  by  the  method  of  vulgar  fractions,  it  is  sup- 
posed by  the  dedmal  system  of  fractions  to  be  at  once  divided 
into  tentTis^  whereby  the  same  system  of  grouping  by  tens,  which 
is  used  dbavs  unity,  is  also  rendered  applicable  to  the  fractional 
parts  below  unity — ^to  the  great  simplification  of  arithmetical 
processes.  In  all  cases  a  decimal  fraction  may  be  transformed 
into  a  vulgar  fraction  of  equal  value  by  retaining  the  significant 
figures  as  the  numerator,  and  by  using  as  the  denominator  1, 
with  as  many  ciphers  as  there  are  figures  after  the  decimal  point. 
Thus  •!  is  equal  to  yV  ?  'H  ^  equal  to  jVV  i  '^1  ^  equal  to  xi(f ; 
•001  is  equal  to  y^V^;  3*1469  is  equal  to  3  yVVA;  ^^  '^^^^  is 
equal  to  y^^V 

In  all  countries  there  are  certain  recognised  standards  of 
magnitude  for  measuring  other  magnitudes  by ;  such  as  the  inch, 
foot,  yard,  or  mile  for  measuring  lengths;  the  square  inch, 
square  yard,  or  square  mile,  or  square  pole,  rood,  or  acre,  for 
measuring  surfaces ;  the  grain,  ounce,  pound,  or  ton  for  measur- 
ing weights ;  and  the  penny,  shilling,  and  sovereign  for  measur- 
ing money.  It  is,  of  course,  quite  inadmissible  in  conducting 
any  of  the  operations  of  arithmetic  to  confound  these  different 
kinds  of  magnitudes  together,  and  there  is  as  much  difference 
between  a  linear  foot  and  a  square  foot  as  there  is  between  a 
ton  weight  and  a  pound  sterling.  A  square  surface  measuring 
an  inch  long  and  an  inch  broad  is  a  square  inch.    A  strip  of  sur- 
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face  1  inoli  broad  and  12  inches  or  1  foot  long  will  be  equal  to 
12  square  inches ;  and  12  such  strips  laid  side  by  side,  and  there- 
fore a  foot  long  and  a  foot  broad,  will  make  12  times  12  square 
inches,  or  144  square  inches.  In  each  square  foot,  therefore, 
there  are  144  square  inches ;  and  as  there  are  3  linear  feet  in  a 
linear  yard,  there  wiU  be  in  a  square  yard  9  square  feet,  as  we 
may  suppose  the  square  yard  to  be  composed  of  three  strips  of 
surface,  each  3  feet  long  and  1  foot  wide,  and  therefore  contain- 
ing 3  square  feet  in  each. 

A  cubic  inch  is  a  cube  or  dice  measuring  1  inch  long,  1  inch 
broad,  and  1  inch  deep.  A  square  foot  of  board  1  inch  thick  will 
consequently  make  144  cubic  inches  or  dice  if  cut  up.  But  as  it 
will  take  twelve  such  boards  placed  upon  one  another  to  make 
a  foot  in  depth,  or,  in  other  words,  to  make  a  cubic  foot,  it 
follows  that  there  wiU  be  12  times  144,  or,  in  all,  1,628  cubic 
inches  in  the  cubic  foot.  So,  in  like  manner,  as  there  are  3  lin- 
ear feet  in  the  linear  yard,  and  9  square  feet  in  the  square  yard, 
there  will  be  3  times  9  or  2T  cubic  feet  in  the  cubic  yard — ^the 
cubic  yard  being  composed  of  three  strata  1  foot  thick,  contain- 
ing 9  cubic  feet  in  each. 

Besides  the  square  inch  there  is  the  circular  inch  by  which 
surfaces  are  sometimes  measured.  The  circular  inch  is  a  circle 
1  inch  in  diameter,  and  as  it  is  a  fundamental  rule  in  geometry 
that  the  area  of  different  circles  is  proportional  to  the  squares 
of  their  respective  diameters,  the  area  of  any  piston  or  safety- 
valve  or  other  circular  orifice  will  be  at  once  found  in  circular 
inches  by  squaring  its  diameter,  as  it  is  called;  or,  in  other 
words,  by  multiplying  the  diameter  of  such  piston  or  orifice  ex- 
pressed in  inches  by  itself.  Thus  as  a  square  foot,  or  a  square 
of  12  inches  each  way,  contains  144  square  inches,  so  a  circular 
foot,  or  a  circle  of  12  inches  diameter,  contains  144  circular 
inches.  There  is  a  constant  ratio  subsisting  between  a  circular 
inch  or  foot  and  the  square  circumscribed  around  it.  The  cir- 
cular inch  or  foot  is  less  than  the  square  inch  or  foot  by  a  cer- 
tain uniform  quantity ;  and  this  relation  being  invariable,  it  be- 
comes easy  when  we  know  the  area  of  any  circle  in  circular 
inches  to  tell  what  the  equivalent  area  wiU  be  in  square  inches, 
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as  we  Have  only  to  multiply  by  a  certain  number — which  will 
be  less  than  miity-— in  order  to  give  the  eqniyalent  area.  This 
nmnber  win  be  a  Httle  more  than  f  ,  or  it  will  be  the  decimal 
*7854 ;  and  if  circular  inches  be  multiplied  by  this  nmnber,  we 
thall  have  the  same  area  expressed  in  square  inches.  Multiplying 
any  quantity  by  a  number  less  than  unity,  it  may  be  here  re- 
marked, diminishes  the  quantity,  just  as  multiplying  by  a  num- 
ber greater  than  unity  increases  it.  To  multiply  by  i  gives  the 
same  result  as  to  divide  by  2 ;  and  to  multiply  by  the  decimal 
•7864  wiH  have  the  effect  of  reducing  the  number  by  nearly  a 
fourth,  as  it  is  necessary  should  be  done  in  order  to  convert  cir- 
cular into  square  inches ;  for,  seeing  that  the  square  inches  are 
the  larger  of  the  two,  there  must  be  fewer  of  them  in  any  given 
area. 

Besides  the  cubic  inch  there  are  the  spherical,  the  cylindri- 
cal, and  the  conical  inch,  all  having  definite  relations  to  one 
another.  The  spherical  inch  is  a  ball  an  inch  in  diameter ;  the 
cylindrical  inch  is  a  cylinder  an  inch  in  diameter  and  an  inch 
high ;  and  the  conical  inch  is  a  cone  whose  base  is  an  inch  in 
diameter,  and  which  is  an  inch  high.  All  these  quantities  are 
convertible  into  one  another— just  as  the  pound  sterling  is  con- 
vertible into  shillings  or  pence,  and  the  ton  weight  is  converti- 
ble into  hundred-weights  and  pounds. 

The  foundation  of  all  mathematical  science  must  be  laid  in  a 
complete  treatise  on  the  science  of  numbers,  and  in  an  accurate 
examination  of  the  different  methods  of  calculation  which  are 
posdble  by  their  means.  Now  Arithmetic  treats  of  numbers  in 
particular,  but  the  science  which  treats  of  numbers  in  general 
is  called  Algebra.  In  algebra  numbers  are  expressed  by  letters 
of  the  alphabet,  and  the  advantage  of  the  substitution  is  that 
we  are  enabled  to  pursue  our  investigations  without  being  em- 
barrassed by  the  necessity  of  performing  arithmetical  operations 
at  every  step.  Thus  if  a  given  number  be  represented  by  the 
letter  a,  we  know  tliat  2  a  will  represent  twice  that  number, 
and  i  a  the  half  of  that  number,  whatever  the  value  of  a  may 
be.  In  like  manner  if  a  be  taken  from  a,  there  will  be  nothing 
left,  and  this  result  will  equally  hold  whether  a  be  5,  or  7,  or 
1* 
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1,000,  or  any  other  number  whatever.  By  the  aid  of  algebra, 
therefore,  we  are  enabled  to  analyse  and  determine  the  abstract 
properties  of  numbers  without  embarrassing  ourselves  with 
arithmetioal  details,  and  we  are  also  enabled  to  resolve  many 
questions  that  by  simple  arithmetic  would  either  be  difficult  or 
impossible. 

ADDITION. 

The  first  process  of  arithmetic  is  Addition ;  and  here  the 
first  steps  are  usually  made  by  counting  upon  the  fingers,  as  an 
aid  to  the  perceptions  of  the  total  amount  of  the  quantity  that 
has  to  be  expressed.  For  example,  if  we  hold  up  5  fingers  of 
the  one  hand  and  3  of  the  other,  and  are  asked  how  much  5 
and  8  amount  to,  we  at  once  see  that  the  number  is  8,  as  we 
either  actually  or  mentally  count  the  other  3  fingers  from  6, 
designating  them  as  6,  T,  8;  when,  the  whole  fingers  being 
counted,  we  know  that  the  total  number  to  be  reckoned  is  8. 
Persons  even  of  considerable  arithmetical  experience,  wiU  often 
find  themselves  either  counting  their  fingers  or  pressing  them 
down  successively  on  the  table,  in  order  to  assist  their  memory 
in  performing  addition.  But  the  best  course  is  to  commit  very 
thoroughly  to  memory  an  addition  table,  just  as  the  multiplica- 
tion table  is  now  commonly  committed  to  memory  by  arithmet- 
ical students — ^as  such  a  table,  if  thoroughly  mastered,  will 
greatly  facilitate  all  subsequent  arithmetical  processes.  A  table 
of  this  kind  is  here  introduced,  and  it  should  be  gone  over  again 
and  again,  until  its  indications  are  as  familiar  to  the  memory  as 
the  letters  of  the  alphabet,  and  xmtil  the  operation  of  addition 
can  be  performed  without  the  necessity  of  mental  effort.  The 
sign  +  placed  between  the  figures  of  the  following  table  is  the 
sign  of  addition  termed  plus^  and  signifies  that  the  numbers  are 
to  be  added  together.  The  table  is  so  plain  as  scarcely  to  re- 
quire explanation.  The  figures  in  the  first  column  are  obtained 
by  adding  together  the  figures  opposite  to  them  in  any  of  the 
other  columns.  Thus  4  and  9  make  13,  as  also  do  5  and  8  or  6 
and  T. 
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ADDITION  TABLE. 


2 
8 

4 
6 
6 
1 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 

1  +  1 

1+2 

1  +  8 

2  +  2 

1+4 

2  +  8 

1  +  6 

2+4 

3  +  8 

1  +  6 

2  +  6 

8+4 

1 

1  +  1 

2  +  6 

3  +  6 

4+4 

1  +  8 

2  +  7 

3  +  6 

4  +  6 

1+9 

2  +  8 

8  +  7 

4  +  6 

6  +  6 

2  +  9 

8  +  8 

4+7 

6  +  6 

8  +  9 

4  +  8 

6  +  7 

6  +  6 

4  +  9 

6  +  8 

6  +  7 

6  +  9 

6  +  8 

7+7 

6  +  9 

7  +  8 

7  +  9 

8  +  8 

8  +  9 

9  +  9 

GENEBAL    EXPLANATION    OF    THE  METHOD  OF  PEBFOBMING 

ADDITION. 

Write  the  numbers  to  be  added  under  one  another  in  such 
maimer  that  the  units  of  all  the  subsequent  lines  of  figures  shall 
stand  vertically  under  the  units  of  the  first  line — the  tens  under 
the  tens,  the  hundreds  under  the  hundreds,  and  so  on.  Then 
add  together  the  figures  found  in  the  units  column.  If  their 
sum  be  expressed  by  a  single  figure,  write  the  figure  under  the 
units  column,  and  commence  the  same  process  with  the  tens 


« •  < :  I    lit' 


It 

eolooiiL  But  if  die  som  of  Ae  igom  m  the  mitB  ednmi  be 
gnatet  tium  9,  it  mnst  in  ihak  case  be  cj^acaecd  in  more  tiian 
one  iigiir^  end  in  sadh  ercnt  write  tlie  last  lignre  oi4r  nnder  the 
nmie  ocianoiy  and  eanj  to  tlie  ednnn  of  tens  as  manj  nmts  as 
are  expreflKd  bjibe  remaimng  figure  or  fignres.  Frooeed  in 
tibe  same  mamifr  with  the  ec^nmn  of  tens,  and  ao  widi  all  the 
other  oolnnina.  When  the  ec^mnn  of  the  highest  order,  which 
is  ahri^s  the  first  on  the  left,  has  been  added,  indoding  the 
number  carried  from  the  ocdmnn  last  added  np,  then  if  the  som 
be  expressed  bj  a  sing^  figure,  place  that  figure  under  the  ool- 
umn«  But  if  it  be  CApicsBcd  in  more  figures  tiian  <me,  write 
those  figures  in  thdr  proper  order,  the  last  under  the  cohnnn 
and  the  others  preceding  it. 


Add  togetner  1,904^  9,899,  5,467,  and  2,708.    The  numbers 

are  to  be  arranged  as  follows : 

1904         Here,  b^joning  at  the  right-hand  column,  we  say  8 

9899   and  7  are  15,  and  9  are  24,  and  4  are  28.    We  write  the 

X^Qg   8  under  the  column  of  units,  and  carry  the  2  tens  to  the 

next  column  of  tens.    Adding  up  this  column,  we  have 

19,978  the  2  carried  from  the  last  column  added  to  6,  which 
make  8,  and  9  are  17.  Here  we  write  down  the  7  and 
carry  the  1  over  to  the  next  column.  In  the  third  column  we 
have  1  carried  from  the  last  column  added  to  7,  which  makes  8, 
and  4  are  12,  and  8  are  20,  and  9  are  29.  Here  we  write  down 
the  9  and  carry  the  2  to  the  next  column.  In  the  fourth  col- 
umn we  have  the  2  carried  from  the  last  column,  which  added 
to  2  makes  4,  and  5  are  9,  and  9  are  18,  and  1  are  19,  which 
sum  of  19  we  write  at  the  foot  of  the  column,  the  9  under  the 
other  figures  and  the  1  preceding  it.  The  total  sum  of  these 
several  numbers  therefore,  when  added  together,  is  nineteen 
thousand  nine  hundred  and  seventy-eight. 
Add  together  the  following  numbers : — 


2808 

146Y 

2708 

5794 

140Y 

5988 

5467 

9969 

9969 

2829 

9899 

1407 

61U 

9694 

1904 

2808 

19,978 

19,978 

19,978 

19,978 

18 


It  is  usual,  for  flEtcility  of  reading  the  figures,  to  divide  them, 
when  they  amount  to  any  considerable  number,  into  gronps  of 
three  each,  by  means  of  a  comma  interposed.    But  the  conmia 
in  no  way  affects  the  value  of  the  quantity,  but  is  merely  nsed 
to  save  the  trouble  of  counting  the  figures  to  make  sure  whether 
it  is  thousands,  hundreds  of  thousands,  or  what  other  order  of 
figures  is  intended  to  be  expressed.    Thus  with  the  aid  of  the 
comma  we  see  at  once  that  the  number  19,000  is  nineteen  tliou- 
sand,  or  that  the  number  190,000  is  one  hundred  and  ninety 
thousand,  or  that  the  number  1,900,000  is  one  million  nine  hun- 
dred thousand ;  whereas,  without  the  aid  of  the  conunas,  we 
should  have  to  count  the  figures  to  make  sure  of  the  real  value 
of  the  expression.    The  conuna,  therefore,  has  no  such  signifi- 
cance as  the  decimal  point,  and  the  number  may  be  written 
with  or  without  the  comma  at  pleasure ;  but  if  written  without 
it  there  wiU  be  more  difficulty  in  reading  the  number,  just  as  it 
would  be  more  difficult  to  read  a  book  if  the  stops  were  left  out. 

SUBTRACTION. 

Subtraction  is  the  reverse  of  addition.  If  we  have  a  bag 
containing  20  shillings,  and  if  we  add  thereto  5  shillings,  15 
shillings,  and  10  shillings,  we  can  easily  tell  by  the  operation  of 
addition  that  we  must  have  60  shillings  in  the  bag.  K,  how- 
ever, we  now  withdraw  the  5  shillings,  the  16  shillings,  and  the 
10  shillings,  or,  in  all,  if  we  withdraw  80  shillings,  we  shall,  of 
course,  have  the  original  20  shillings  left ;  and  the  operation  of 
subtraction  is  intended  to  tell  us,  when  we  withdraw  a  less 
number  from  a  greater,  how  much  of  the  greater  number  we 
shall  have  left.    As  addition  is  signified  by  the  sign  +  or  plus, 
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SO  subtraction  is  signified  by  the  agn  —  or  miima;  and  two 
short  parallel  lines  =  are  employed  as  a  substitate  for  the  words 
eqtuil  to.  As  the  expression,  therefore,  5+3  means  5  increased 
by  3,  or  8 ;  so  the  expression  5—3  means  5  diminished  by  3,  or 
2.  This  in  common  arithmetical  notation  wonld  be  written 
5  +  8  =  8  and  5  —  8  =  2. 

When  we  have  a  number  of  quantities  to  subtract  from  a 
greater  quantity,  the  usual  course  is  to  add  together  first  all  the 
quantities  to  be  subtracted,  in  order  that  the  subtraction  may 
be  performed  at  a  single  operation.  Thus  in  the  case  of  the  bag 
containing  50  shillings,  from  which  we  successively  withdraw 
5  shillings,  15  shillings,  and  10  shillings,  we  first  add  together 
the  5  shillings,  the  15  shillings,  and  the  10  shillings,  so  as  to 
have  in  one  sum  the  whole  quantity  to  be  subtracted,  and  then 
we  can  suppose  the  operation  to  be  performed  at  a  single  step, 
aa,  the  subtraction  having  been  performed  at  different  tijnes, 
will  not  affect  the  amount  of  the  sum  subtracted  or  the  sum 
left.  Thus  50  —  30  =  20 ;  or  if  we  take  the  successive  stages, 
we  have  50  —  5  =  45,  and  45  —  15  =  80,  and  30  —  10  =  20, 
which  is  the  same  result  as  before. 

GENERAL  EXPLANATION  OF  THE  METHOD  OF  PEBFOBMINa  SUB- 

TEAOTION. 

"Write  the  less  number  under  the  greater  in  such  manner 
that  the  units  of  the  second  line  of  figures  shall  stand  vertically 
under  the  units  of  the  first  line — ^the  tens  xmder  the  tens,  the 
hundreds  under  the  hundreds,  and  so  on,  as  in  addition.  Draw 
a  straight  line  beneath  the  lower  line  of  figures,  and  subtract 
the  units  of  the  lower  line  of  figures  from  the  units  of  the  up- 
per line,  and  place  the  remainder  vertically  under  the  units  col- 
umn and  beneath  the  straight  line  which  has  been  drawn.  Sub- 
tract tiie  tens  from  the  tens  in  like  manner,  the  hundreds  from 
the  hundreds,  and  so  on  until  the  whole  is  completed;  and 
where  there  is  no  figure  to  be  subtracted,  the  figure  of  the  up- 
per line  will  appear  in  the  answer  without  diminution,  as  ap- 
pears in  following  examples : 
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1864  Oiigixial  number  1864  Origmal  number 

64  Number  to  be  subtracted  82  Number  to  be  subtracted 


1800  Remainder  1832  Remainder 


From       7864  From      89764384  From      786068473894 

Subtract  6682  Subtract  41341078  Subtract  610064103784 


Answer  1322  Answer  48423311  Answer    276014370110 


In  these  examples  all  the  fignres  of  the  second  line  are  less 
than  those  of  the  first  line,  and  we  at  once  see  what  the  re- 
mainder at  each  step  will  be  by  considering  what  sum  we  must 
add  to  the  less  number  to  make  it  equal  to  the  greater.    Thus 
in  subtracting  6582  from  7854,  we  see  that  we  must  add  2  to 
the  2  of  the  lower  line  to  make  the  4  appearing  in  the  upper ; 
and  we  must  add  2  to  the  8  appearing  in  the  lower  line  to  make 
the  5  appearing  in  the  upper.    In  cases,  however,  in  which 
some  of  the  figures  of  the  lower  line  are  larger  than  those  ex- 
isting in  the  upper,  we  must  borrow  a  unit  from  the  preceding 
column,  which  will  count  as  ten  in  the  column  into  which  it  is 
imported,  and  this  unit  so  borrowed  wiU  be  added  to  the  sum 
to  be  subtracted  when  that  preceding  column  comes  to  be  dealt 
with.    Thus  in  the  groups  of  stones  used  by  the  natives  of  Mad- 
agascar— ^if  we  have  6  groups  of  10  stones  in  each  and  7  stones 
over,  and  if  we  want  to  withdraw  8  stones  from  the  number,  it 
is  clear  that,  as  the  7  stones  not  arranged  in  groups  will  not 
BuflSce  to  supply  the  8  stones  we  have  to  furnish,  we  must  break 
up  one  of  the  groups  of  10  to  enable  the  8  stones  to  be  surren- 
dered.   We  shall  then  have  only  5  groups,  but  with  the  7  stones 
we  had  before  we  can  supply  the  8  by  taking  only  one  stone 
from  one  of  the  groups,  leaving  9  stones  in  it,  so  that,  after  tak- 
ing away  the  8  stones,  we  shall  have  5  groups  of  ten  each  and 
9  stones  left.     This  is  expressed  arithmetically  as  follows : 
67         Here  we  say  we  cannot  subtract  8  from  7,  so  that  we 
®    must  borrow  1  from  the  previous  column,  which,  when 
59    imported  into  the  column  of  units,  will  be  10 ;  and  we 
—    therefore  say  8  taken  from  17  leaves  9,  which  9  we  place 
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in  the  remainder.  Bnt  as  we  have  taken  one  of  the  geougB 
from  the  preceding  colmnn,  we  have  to  deduct  that  from  the 
six  groups  remaining,  and  we  therefore  say  1  from  6  leaves  6, 
So,  in  like  manner,  if  we  had  to  take  29  shillings  from  42  shil- 
lings, as  we  cannot  take  9  frt>m  2,  we  take  9  from  12,  borrow- 
ing as  before  a  unit  from  the  preceding  column.  But  as  we 
have  afterwards  to  return  this  unit,  we  do  not  say  2  from  4,  but 
8  from  4,  which  leaves  1 ;  or,  in  other  words,  29  taken  from  42 
leaves  13,  as  we  can  easily  see  must  be  the  case,  as  13  added  to 
29  make  42.  To  prove  the  accuracy  of  an  answer  in  subtrac- 
tion, it  is  only  necessary  to  add  together  the  two  lower  lines, 
which  will  produce  the  top  one. 

From 1864  Prom 1864 

Subtract....      14  Subtract...      91 


Bemainder     1860  Reminder     1767 


From 1864  From 1864 

Subtract....    976  Subtract....  1796 


Bemainder       889  Bemainder         68 


It  will  be  seen  that,  by  adding  together  the  last  two  lines  of 
figures  in  each  of  these  examples,  we  obtain  the  first  line. 

MULTIPLIOATION. 

Multiplication  is  a  process  of  arithmetic  for  obtaining  the 
sum  total  of  a  quantity  that  is  repeated  any  given  number  of 
times,  and  is  virtually  an  abbreviated  species  of  addition.  Jt, 
for  example,  we  have  6  heaps  of  stones,  with  1,728  stones  in 
each  heap,  we  might  ascertain  the  total  number  of  stones  in  the 
six  heaps  by  writing  the  1,728  six  times  in  successive  lines,  and 
adding  up  the  sum  by  the  method  of  procedure  already  ex- 
plained under  the  head  of  Addition.  But  it  is  clear  that  this 
would  be  a  very  tedious  process  in  cases  in  which  the  number 
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of  heaps  was  great,  and  multiplioatlon  is  an  expedient  for  ascer- 
taining the  total  quantity  hy  a  much  less  elaborate  method  of 
procednre. 

All  nmnbers  whatever  it  is  dear  may  be  formed  by  the  addi- 
tion of  nnits.  The  consecntive  nmnbers  1,  2,  3,  4,  5,  &c.,  may 
be  derived  as  follows : 

1=1 

1  +  1=2 

1+1+1=8 
1+1+1+1=4 

1+1+1+1+1=5 

There  are  certun  nmnbers  which  are  formed  by  the  contin- 
ued addition  of  other  numbers  than  1 ;  and  the  numbers  which 
are  formed  by  the  continued  addition  of  2  may  be  shown  as  fol- 
lows: 

2=2 

2  +  2=4 

2  +  2  +  2=6 

2+2+2+2=8 

2  +  2  +  2  +  2  +  2=10. 

In  like  manner,  the  numbers  shown  by  the  successive  addi- 
tions otS  and  4  may  be  thus  represented : — 

8=8  4=4 

8  +  8=6  4+4=8 

8+3+8=9  4+4+4=12 

8  +  8  +  8  +  8=12  4  +  4  +  4  +  4=16 

8  +  3  +  3  +  8  +  8=16  4+4  +  4+4+4=20 

Thus  it  will  be  seen  that  in  the  series  of  numbers  proceeding 
upwards  from  1,  some  can  only  be  formed  by  the  continued  ad- 
dition of  1,  while  others  may  be  formed  by  the  continued  addi- 
tion of  2,  3,  or  some  higher  number.  The  numbers  3,  6,  and  7 
cannot  be  produced  by  the  continued  addition  of  any  other 
number  than  1,  while  the  intermediate  numbers  4  and  6  may  be 
formed,  the  first  by  the  addition  of  2,  and  the  second  by  the  con- 
tinued addition  of  2  or  3. 
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Those  nmnbers  which  cannot  be  formed  by  the  continued 
addition  of  any  other  number  than  1  are  termed  ^ima  nvmberB, 
The  numbers  3,  6,  7,  11,  13,  17,  &c.,  are  prime  numbers.  All 
other  numbers  are  termed  multiple  nvmbers;  and  they  are  said 
to  be  multiples  of  those  lesser  numbers  by  the  conlanued  addi- 
tion of  which  they  may  be  formed.  Thus  6  is  a  multiple  of  2, 
because  it  may  be  formed  by  the  continued  addition  of  2.  But 
it  is  also  a  multiple  of  8,  because  it  may  be  formed  by  the  con- 
tinued addition  of  3.  In  like  manner  12  is  a  multiple  of  2,  8,  4^ 
and  6. 

In  the  ascending  series  of  numbers,  1,  2,  8,  4^  5,  &c,  it  will 
be  obvious  that  each  alternate  number  is  a  multiple  of  2.  Such 
numbers  are  called  eoen  numbers,  and  the  intermediate  numbers 
are  called  odd  numbers.  Thus  2,  4,  6,  8, 10,  &c.,  are  even  num- 
bers, and  1,  3,  6,  7,  9,  &c.,  are  odd  numbers. 

As  every  even  number  is  a  multiple  of  2,  it  is  clear  that  no 
even  number  except  2  itself  can  be  a  prime  number^  and  every 
prime  number  except  2  itself  must  be  an  odd  niunber.  It  by  no 
means  follows,  however,  that  every  odd  number  must  be  prime, 
and  it  is  clear  indeed  that  9  is  a  multiple  of  3, 15  of  3  and  of  5, 
and  so  of  other  odd  numbers,  which  cannot,  therefore,  be  prime 
numbers. 

K  we  take  a  strip  of  paper  an  inch  broad  and  12  inches  long, 
like  a  strip  of  postage  stamps,  it  is  clear  that  this  strip  will  con- 
tain 12  square  inches ;  and  if  we  take  three  such  strips  plaoed 
side  by  side,  they  will  manifestly  have  a  collective  surface  of  86 
square  inches.  ITor  will  the  result  be  different  in  whatever  way 
we  reckon  the  squares ;  and  12  multiplied  by  8  will  give  just  the 
same  number  as  8  multiplied  by  12.  In  like  manner,  7  multi- 
plied by  6  is  the  same  as  5  multiplied  by  7,  and  so  of  aU  other 
numbers. 

In  order  to  be  able  to  perform  the  operatioPB  of  multiplication 

with  ease  and  expedition,  it  is  necessary  to  commit  to  memory 

the  product  of  the  multiplications  of  numbers  from  1  to  9 ;  and 

to  enable  this  to  be  conveniently  done,  a  table  of  these  primary 

iioations,  called  the  Multiplication  Taible^  forms  part  of 

ne  of  arithmetical  instruction  given  at  schools,  where^ 
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hovever,  the  tables  used  oommonlT'  oairj  the  mTiltipIioations  up 
to  13  timee  12.  A  table  containiDg  all  the  mnldplicatJonB  Deoea- 
saiy  to  be  remembered  is  i^Ten  below ;  and  it  U  very  material  to 
fite  Bnbaeqaent  ease  of  all  arithmetical  prooesses,  that  thia  table 
dunild  be  thoronghlj  learned  bj  heart,  so  as  to  obviate  the  bed- 
i-»i J  ; ^  jijgj  most  (^herwifie  ensue. 
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7o  find  the  prodact  of  two  nambera  bj  this  table,  we  mnat 
look  for  the  greater  number  in  the  first  npright  column  on  the 
left,  ud  for  the  leaser  nmnber  in  the  highest  cross  row.  The 
prodnot  of  the  two  nombers  will  be  fonnd  in  the  same  crora  row 
With  the  greater  nnmber,  and  in  the  same  upright  colonm  with 
the  leaser  onmber.  Thus  6  limes  3  are  18,  6  times  4  are  24,  and 
6  limes  4  are  20,  K  we  find  the  number  6  in  the  first  column 
ud  pass  oar  finger  along  the  same  line  nntil  we  come  verdcall; 
under  the  8  in  the  top  line,  we  find  the  nnmber  18,  which  is  the 
pndaot  required.  Bj  the  same  process  we  find  the  numbers  24 
and  80. 

Having  committed  the  multiplication  table  to  memory,  we 
are  in  a  condition  for  performing  any  mnltiplication  of  common 
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numbers  without  difficulty.    Ify  for  example,  we  wish  to  multiplj 
1,728  by  2,  we  write  the  2  mider  the  8  and  draw  a  line  thus :  — 

1728  ^®  *^®^  ^^  twice  8  are  16.  "We  write  down  the  6 
2  and  carry  the  1,  which  belongs  to  the  order  of  tens  next 
3456  above,  to  that  order.  Twice  2  are  4,  and  the  1  carried 
=^  from  the  16  of  the  last  multiplication  make  5.  The  nam- 
ber  5  being  less  than  10,  there  is  no  figure  to  carry  in  this  case. 
We  therefore  say  twice  7  are  14,  where  again  we  write  4  and 
carry  1,  and  twice  1  are  2,  and  1  carried  over  from  the  last  mul- 
tiplication make  3. 

It  is  clear  that  the  number  1,728  is  made  up  of  the  numbers 
1,000,  700,  20,  and  8,  and  the  result  of  the  multiplication  would 
not  be  altered  if  we  were  to  multiply  these  quantities  separately 
and  add  them  together.  A  Saint  Andrew's  cross  or  x  is  the 
sign  of  multiplication ;  and 

1000  X  2=2000 

700  X  2=1400 

20x2=    40 

8x2=     16 

8466 


Here,  then,  we  see  we  have  precisely  the  same  result  as  in  the 
former  case.  But  the  first  expedient  is  the  simpler,  and  is  there- 
fore commonly  used.  "We  shall  also  obtain  the  same  result  by 
adding  1,728  to  1,728,  thus  :— 

^^28  -^  ^^  particular  case  it  is  as  easy  to  add  the  number 
1728  to  itself  as  to  multiply  by  2.  But  when  the  multiplica- 
3466    tion  proceeds  to  6,  8,  or  any  greater  number  of  times,  it 

would  be  very  inconvenient  to  have  to  add  the  number 

to  itself  6  or  8  times,  and  it  is  much  easier  to  proceed  by  the 
common  method  of  multiplication  here  explained.  The  number 
we  multiply  with  is  called  the  multiplier,  and  the  number  we 
multiply  is  called  the  multiplicand,  while  the  number  resulting 
from  the  multiplication  is  called  the  product.  In  the  above  ex- 
ample 2  is  the  multiplier,  1,728  the  multiplicand,  and  8,456  the 
product. 
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if  the  .multiplier  oonsists  of  two  figures  instead  of  one,  the 
same  mode  of  procedure  is  pursued,  except  that  the  whole  of  the 
figures,  resulting  from  the  multiplication  of  the  higher  of  the  two 
figures  is  shifted  one  place  to  the  left.  Thus,  if  the  number 
1,728  has  t^  be  multiplied  by  22,  the  mode  of  procedure  is  as 
follows : — 

Here  the  arithmetical  process  of  multiplication  is 
22    precisely  the  same  with  each  of  the  two  figures,  only 

that  in  the  case  of  the  second  multiplication  the  result- 

g™*    ing  number  is  set  one  place  more  to  the  left ;  and  the 
two  lines  of  partial  products  are  then  added  together 


88,016  fQp  the  answer.  It  is,  therefore,  a  rule  in  all  multipli- 
cations  where  the  multiplier  consists  of  more  figures 
than  one,  that  the  first  figure  of  the  product  shall  be  set  under 
that  particular  figure  of  the  multiplier  with  which  that  particular 
line  of  multiplication  is  performed.  If  instead  of  22  the  multi- 
plier had  been  222,  then  the  operation  would  have  been  as 
follows : — 

Here,  it  will  be  observed,  the  same  partial  product 
222    is  repeated  in  every  case,  but  set  one  place  more  to  the 

left ;  and  the  several  lines  of  partial  products  are  then 

^^    added  up  for  the  total  product  of  the  multiplication. 
^^  In  cases  where  one  of  the  figures  of  the  multiplier 


" is  a  cipher,  the  only  effect  is  to  shift  the  figures  over  to 

_   *        the  left  one  place,  and  which  may  be  done  by  adding  a 

cipher  to  the  product  if  the  cipher  forms  the  last  figure 
of  the  multiplier.  Thus,  1,T28  multiplied  by  20,  is  84,560,  mul- 
tiplied by  200  is  345,600,  and  multipUed  by  2,000  is  8,456,000. 
If  the  cipher  comes  in  the  middle  of  the  multiplier,  as  in  multi- 
plying by  202,  we  proceed  as  follows: — 
T79«  Here  we  pass  over  the  cipher  altogether,  except  that 
202    ^6  begin  the  succeediag  line  of  multiplication  one  place 

■ more  to  the  left  than  we  should  have  done  if  the  cipher 

j^gg       had  not  been  present ;  or,  in  other  words,  we  begin  the 

line  pertaining  to  the  next  figure  of  the  multiplier  un- 

849,056    ^^p  that  figure,  just  as  would  be  done  if  any  other 

figure  than  a  cipher  intervened.      Indeed  we  might 
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write  a  line  of  oipbera  aa  ronulting  from  mnltiplioation  hj  a 
cipher;  but  aa  this  line  could  not  affect  the  value  of  the  Bom 
total,  it  IB  lett  out  altogether.  In  mnltiplTiiig  nnmberB  termi- 
nating witi  ciphers,  or  in  multiplying  iciih  nambere  terminating 
with  oiphere,  the  mode  of  procedm-e  is  to  perform  tie  muldpli- 
oatioa  as  if  there  were  no  ciphers,  and  then  to  annes  oa  many 
oipbers  to  the  product  as  there  are  ciphers  in  the  multiplier  and 
mnltiplicand  together.  Thna  65,000  mnltiplied  by  8,300  is 
treated  as  if  66  bad  to  be  multiplied  by  S3,  and  then  five  ciphers 
are  added  to  the  prodnct  to  give  the  correct  answer. 

I   UBTHOD   OF   PSBFOBIktDia 


The  foregoing  expldnations  of  the  method  of  performing  the 
multiplication  of  nnmbers  will  probably  snffica  to  enable  aU  or- 
dinary qnestions  in  mnltiplioation  to  bo  readily  performed.  But 
for  the  sate  of  clearneES,  it  may  be  useful  to  recapitulate  the 
several  steps  of  the  process. 

Place  the  mnltiptier  nnder  the  multiplicand,  es  in  addition. 
Multiply  the  mnltipUcand  aeparately  by  each  significant  fignio 
of  the  multiplier,  by  which  we  shall  obtain  as  many  partial  prod- 
ucts as  there  are  signiScant  figures  in  the  multiplier.  Write 
these  products  under  one  another,  so  that  the  last  figure  of  each 
shall  be  nnder  that  figure  of  the  multiplier  by  which  it  has  been 
prodaced.  Add  the  partial  products  thus  obtained,  and  their 
sum  will  be  the  total  prodnct. 

It  will  often  fiicihtatB  arithmetical  ealculationa  if  we  have 
committed  to  memory  the  products  of  numbers  larger  than  thoae 
found  in  the  common  mnltiplication  tables,  and  it  is  very  impor- 
tant that  these  elementary  multiples  should  be  accarately  and 
promptly  recollected.  In  the  following  table  the  prodaata  of 
numbers  are  ^ven  tta  high  aa  20  times  SO: 
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DIVISION. 

When  a  number  has  to  be  separated  into  two,  three,  or  any 
other  number  of  equal  parts,  it  is  done  by  means  of  Divinan^ 
which  enables  us  to  determine  the  magnitude  of  one  of  those 
parts.  I^  for  example,  we  wish  to  divide  12  inches  into  four 
equal  parts,  the  length  of  each  of  those  parts  will  be  8  inohes. 
If  we  wish  to  divide  it  into  three  equal  parts,  the  length  of  each 
of  the  parts  will  be  4  inches;  or  if  we  wish  to  divide  it  into  two 
equal  parts,  the  length  of  each  part  will  be  6  inches. 

The  number  which  is  to  be  decomposed  or  divided  is  oalledi 
the  dividend,  the  number  of  equal  parts  into  which  the  number 
sought  to  be  divided  is  called  the  diimory  and  the  magnitude  of 
one  of  those  parts  obtained  from  the  division  is  called  the  quo- 
tient   Thus  in  dividing  12  by  8, 

12  is  the  dividend, 
8  is  the  divisor, 
4  is  the  quotient. 

It  follows  firom  this  explanation  of  the  process  of  diviMon, 
that  if  we  divide  a  number  into  two  equal  parts,  one  of  those 
parts  taken  twice  wiU  reproduce  the  original  number;  or  if  we 
divide  it  into  three  equal  parts,  one  of  those  parts  taken  three 
times  will  reproduce  the  ori^al  number.  In  all  cases,  indeed, 
the  quotient  multiplied  by  the  divisor  will  produce  the  dividend. 
Hence  division  is  said  to  be  a  rule  which  teaches  us  to  find  a 
number  which,  multiplied  by  the  divisor,  will  reproduce  the 
dividend.  For  example,  if  35  has  to  be  divided  by  5,  we  seek 
for  a  number  which,  multiplied  by  5,  will  produce  85.  This 
number  is  T,  since  5  times  7  is  35.  The  manner  of  expression 
employed  in  this  division  is  5  in  85  goes  7  times,  and  5  times  7 
makes  35.  The  dividend,  therefore,  may  be  considered  aa  a  prod- 
uct, of  which  one  of  the  factors  is  the  divisor  and  the  other  the 
quotient.  Thus,  supposing  we  have  68  to  divide  by  7,  we  en- 
deavour to  find  such  a  product  that,  taking  7  for  one  of  its  Mo- 
tors, the  other  factor  multiplied  by  this  shall  produce  exactly 
63.  Kow  7  X  9  is  such  a  product,  and,  conseauently,  9  is  the 
quotient  obtained  when  we  divide  63  by  7. 
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In  the  same  sense  in  which  multiplication  above  nnity  may 
be  looked  npon  as  a  continued  addition,  so  may  division  be  looked 
upon  as  a  continned  subtraction.  Thns  as  7  x  9  =  7+ 7+7+7+ 
t+74.7+7+7,  so  also  68-1.9  =  68-7-7-7-7-7-7-7-7. 
This  may  easily  be  seen  by  performing  the  operation  of  addition 
or  sdbtraotion.  Thns  7  and  7  are  14,  and  14  and  7  are  21,  and  21 
and  7  are  28,  and  28  and  7  are  85,  and  85  and  7  are  42,  and  42 
and  7  are  49,  and  49  and  7  are  56,  and  56  and  7  are  68.  So  in 
like  manner  68  less  7  are  56,  and  56  less  7  are  49,  and  49  less  7 
sre  42,  and  42  less  7  are  85,  and  85  less  7  are  28,  and  28  less  7 
sre  21,  and  21  less  7  are  14,  and  14  less  7  are  7,  and  7  less  7 
isO. 

We  have  seen  that  when  we  divide  12  inches  by  4,  we  ob- 
tain 8  inches  as  the  quotient.    But  if  we  divide  18  inches  by  4 
we  shall  have  4  parts  of  8  inches  each  and  1  inch  over,  and  if 
this  inch  be  also  divided  into  4  equal  parts,  each  of  these  parts 
wiU  be  one  quarter  of  an  inch.    Hence  18  inches  divided  by  4 
gives  8i  inches.    So  if  we  divide  68  feet  into  lengths  of  7  feet 
each  we  shall  have  exactly  9  of  such  lengths.    But  if  we  divide 
64  Ibet  into  lengths  of  7  feet  each,  we  shall,  after  having  per- 
finmed  the  division,  have  1  foot  over.    This  foot  is  obviously 
fast  (me  sixty-third  of  the  total  length ;  and  if  we  wish  to  dis- 
tribute this  residual  foot  equally  among  the  whole  of  the  other 
divisions,  we  must  either  divide  it  into  9  equal  parts,  and  add  1 
cf  these  parts  to  each  division,  or  we  must  divide  it  into  68  equal 
parts^  and  add  1  of  these  parts  to  each  foot,  or  7  of  them  to  each 
division.    It  follows  that  64  divided  by  9  is  equal  to  7|,  or  to 
7^  whidi  is  the  same  thing.    So  in  dividing  a  plank  60  feet 
hog  into  lengths  of  4  feet  each,  we  shall  have  12  such  lengths  in 
ikb  length  of  the  plank,  and  we  shall  have  2  feet  over.    If  we 
vish  to  distribute  these  2  feet  equally  among  the  12  divisions,  so 
ftatno  part  of  the  plank  may  be  cut  to  waste,  then  we  must  in- 
owaae  the  length  of  each  foot  one  forty-eighth  part  of  2  feet,  or 
ve  must  increase  the  length  of  each  division  one-twelftli  part 
W2  feet,  or  two-twelfth  parts  of  1  foot.    Now,  as  the  foot  con- 
ittU  of  12  inches,  two-twelfth  parts  are  equal  to  2  inches.   More- 
over, as  a  twenty-fourth  part  of  a  foot  is  equal  to  half  an  inch, 

9 


and  a  forty-eighth  part  of  a  foot  ia  equal  to  a  quarter  of  an  inch, 
it  follows  that  8  fortj-eightli  parts  are  eqaivalent  to  8  qnart«re 
of  an  inch,  or  fo  2  indiea,  as  before.  Each  dlyision  of  the  plank 
of  50  feet,  therefore,  must  be  4  feet  2  inches  long,  in  order  that 
it  ma;  be  cat  without  waste  into  12  equal  lengths. 

If  we  have  a  number  50  vhich  we  wieh  to  divide  by  another 
number  13,  then  we  write  the  nnraber  as  follows : — 

We  say  the  twelves  in  50,  4  timea  and  3  oyer,  which  two- 

12150      twelfths  ia  written  as  a  vulgar  fraction,  and  forms 

—     part  of  the  quotient.    Bat  if  we  wish  the  answer  to 

*A  be  in  decimal  fractions,  we  pkce  a  decimal  point  afl^ 

the  GO,  and  add  thereto  any  number  of  ciphers,  coutinning  tlie 

division  in  precisely  the  same  manner  as  if  the  number  were  not 

a  fraction  at  all.    Thus — 

121HO-00000  Hero  we  say,  as  before,  the  twelves  in  60, 4 

times  and  3  over,  which  3  we  carry  to  the  next 

4-16668,  &c.  succeeding  place  of  figures,  and  say  the  twelves 
in  20  once  and  8  over,  the  twelves  in  80  6  times  and  8  over,  the 
twelves  ia  80  6  times  and  8  over,  and  so  on  to  infinity.  "We 
thna  see  not  merely  that  the  fraction  y^thB  or  ^th,  called  the 
remdnder,  is  left  over  when  we  divide  60  by  12,  hut  that  this 
fraction  may  be  expressed  decimally  under  the  form  of  the  infi- 
nite series  of  numbers  ■10666,  dfec,  which  numbers,  if  carried  on 
for  ever,  will  be  eontinnally  coming  nearer  to  the  quantity  Jth, 
hnt  will  never  he  absolutely  equal  to  it,  though  sufficiently  near 
thereto  to  answer  all  the  purposes  of  practical  computation. 

A  very  little  considerfltion  will  suffice  to  show  os  the  reason 
of  the  prooeM  in  division  in  which  wo  carry  the  residual  j 
ber  to  the  next  place  of  fignrea  immediately  succeeding.  Thui^ 
if  we  have  to  divide  the  number  963  by  3,  wo  may,  if  we  pleaa^ 
perform  the  operation  by  dividing  the  whole  number  into  900, 
60,  and  3,  and  dividing  them  separately.  ISow  the  third  of  fiO( 
is  obviously  800,  the  thu'd  of  60  is  20,  and  the  third  of  8  ia  1, 
that  the  third  of  the  total  number  of  663  ia  331.  If,  however^ 
the  number  which  we  had  to  divide  by  3  was  364,  then  ia  divid- 
ing the  constituent  numbers  as  before,  we  should  have  the  tlurSi 
of  900  which  ia  SOO,  the  thu^  of  50  which  is  16,  leaving  2  over, 
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which  2  has  to  be  added  to  the  4  not  yet  divided,  making  it  up 
to  6 ;  and  the  third  of  6  is  2.  These  numbers  may  be  written  aa 
follows : — 

900  divided  by  8=300  900  divided  by  8=300 

eo  divided  by  8=  20  60  divided  by  3=  16 

8  divided  by  8=     1  6  divided  by  8=     2 

821  818 


By  the  ordinary  method  of  division,  the  quantity  would  be 
written  thns : — 

IHvisor  8)968  Dividend  Divisor  8)964  Dividend 

821  Quotieot  818  Quotient. 

Sere,  in  the  first  example,  we  say  the  threes  in  9,  three  times, 
iduoh  8  T^e  write  nnder  the  0 ;  the  threes  in  6  twice,  which  2 
we  write  nnder  the  6 ;  and  the  threes  in  8  once,  which  1  we 
mite  under  the  3.  In  the  second  example  we  say,  as  before, 
the  threes  in  9  three  times ;  but  the  threes  in  5  will  only  go 
ooLoe,  leaving  2  aa  a  remainder,  which  2  when  imported  into  the 
next  inferior  place  of  figures,  wiU  count  ten  times  greater,  or  as 
20 ;  and  we  th^  say  the  threes  in  24  eight  times,  which  8  we 
write  under  ti^e-^*  It  will  be  recollected  that  as  the  second 
place  of  figure(9  from  the  right  is  groups  of  tens,  two  of  these 
groups  when  resolved  into  units  must  necessarily  be  20. 

Hie  method  of  division  her^  described  is  that  used  when 
any  number  has  to  be  divided  by  another  number  consisting  of 
only  one  figure.  It  is  called  SJiort  Division.  In  the  case  of 
quantities  which  have  to  be  divided  by  numbers  consisting  of 
two  or  more  figures,  this  method  would  not  be  convenient,  and 

{     another  method  called  Long  Division  is  commonly  employed. 

I     H  for  example,  we  had  to  divide  4967898  by  87,  we  may,  no 

!     doubt,  perform  the  question  by  the  method  of  short  division. 

I     But  the  remainders,  when  there  are  several  figures  in  the  di- 


28  ABITHMEnC  OF  THE  STEAM-ENGINB. 

visor,  become  so  large  and  perplexing,  that  it  is  mnoh  better  to 
employ  the  method  of  long  division,  which  is  as  follows : 

Dividend 
Divisor  8Y)496Y398(134254  Qaotient 

126 

111 

m 

148 
93 

14: 

199 
186 

148 
148 


Here  we  first  find  how  many  times  37  are  contained  in  49, 
and  it  is  clear  it  is  contained  only  once.  We  write  therefore  1 
in  the  quotient,  and  multiply  the  divisor  by  it,  placing  the  prod- 
uct under  the  49,  and  we  subtract  the  87  from  the  49,  which 
shows  that  there  is  a  remainder  of  12.  To  this  remainder  we 
next  bring  down  the  figure  of  the  original  number  which  imme- 
diately succeeds  the  49,  and  which  in  this  case  is  6.  We  then 
consider  how  many  times  87  are  contained  in  126,  and  we  find 
that  it  is  three  times.  We  write  the  8  in  the  quotient,  and 
multiply  the  divisor  by  it,  when  we  find  that  the  product  is  111, 
which  sum  we  subtract  fi'om  the  126,  and  find  that  we  have  a 
remainder  of  16.  To  this  16  we  next  bring  down  the  figure  of 
the  original  sum  succeeding  to  that  which  we  brought  down  be- 
fore, and  which  in  this  case  is  7,  and  we  consider  how  many 
times  37  will  go  in  157.  We  find  that  it  will  go  four  times,  and 
we  write  the  4  in  the  quotient  as  before,  and  proceed  to  multi- 
ply the  divisor  by  it,  and  to  subtract  the  product  148  from  the 
159,  which  will  leave  a  remainder  of  9.  Carrying  on  this  pro- 
cess until  we  have  successively  brought  down  all  the  figures  of 
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the  ori^al  sum  that  had  to  be  divided,  we  find  that  the  quo- 
tient is  134254,  which  number,  if  multiplied  by  87,  will  repro- 
duce the  4967898  with  which  we  set  out.  When  after  perform- 
ing the  division  there  is  found  to  be  a  remainder,  it  may  either 
be  written  as  the  numerator  of  a  vulgar  fraction  in  the  answer, 
the  divisor  being  the  denominator,  or  a  decimal  point  may  be 
iatroduced  after  the  last  figure,  and  any  desired  number  of  ci- 
phers may  be  added  thereto,  when,  by  continuing  the  division, 
the  remainder  will  be  obtained  in  decimal  fractions. 

The  operation  of  division  is  indicated  by  the  sign  •+-  and  as 
12  X  12=144,  so  144-^12=12. 

In  cases  in  which  the  divisor  is  composed  of  two  factors,  it 
is  a  common  practice,  instead  of  employing  the  method  of  long 
division  to  divide  successively  by  the  two  factors  by  the  method 
of  short  division,  which  is  more  rapidly  done.  Thus  if  a  num- 
ber has  to  be  divided  by,  say  86,  the  same  result  will  be  ob- 
tained if  it  is  divided  by  6  and  the  quotient  be  then  again  di- 
vided by  6.  Or,  if  we  have  to  divide  by  42,  we  may  divide  by 
6  and  then  by  7 ;  if  we  have  to  divide  by  68,  we  may  divide  by 
9  and  then  by  7 ;  and  so  of  all  other  numbers  possessing  similar 
factors. 

As,  by  annexing  a  cipher  at  the  end  of  any  number,  we  mul- 
tiply its  amount  by  10,  so  by  abstracting  a  cipher  from  the  end 
of  any  number  we  divide  its  amount  by  10.  Thus  2  x  10—20 
and  20  x  10—200.  So  also  200-^10  —  20  and  20-^10  —  2.  I^ 
therefore,  we  have  a  divisor  containing  a  number  of  ciphers,  we 
may  leave  them  out  of  the  account  in  performing  division :  but 
in  such  case  we  must  count  off  as  decimals  an  equal  number  of 
figures  as  we  have  excluded  of  ciphers.  Thus  1728-^10=172•8 
or  1728-4-100=17-28  or  ir28-j-1000=l-728.  So  444-j-20=22-2 
a&d  999-«-80=38-3  or  999-^300=8•88. 

GBNBBAL  EXPLAKATION  OF  THE  METHOD  OF  PEBFOBMINO 

DIVISION. 

Short  Division. — ^Divide  the  first  figure  of  the  dividend  by 
&e  divisor,  and  place  the  quotient  under  the  same  figure  of  the 
dividend.    Prefix  the  remainder  to  the  next  figure  of  the  divi- 


30  ABITHMEnO  OT  THE  STEAH-SNGimB.- 

dend  and  divide  the  nmnber  thus  obtained  by  the  divisor.  Place 
the  quotient  under  the  second  figure  of  the  dividend,  anid  ptieAx 
the  remainder  to  the  third  figure  of  the  dividend.  Dividie-'tiho 
number  thus  obtained  by  the  divisor,  and  proceed  as  before, 
continuing  this  process  until  you  arrive  at  the  units  place  of  the 
dividend,  when  the  division  will  be  complete. 

Long  Dimsion, — ^Write  the  divisor  on  the  left  of  the  divi- 
dend, separated  from  it  by  a  line.  Place  another  line  to  the 
right  of  the  dividend  after  the  units  place  to  separate  the  quo- 
tient from  the  dividend — ^the  quotient  being  afterwards  written 
on  the  right  of  that  line. 

Oount  off  from  the  left  of  the  dividend  or  from  its  highest 
place  as  many  figures  as  there  are  places  in  the. divisor.  If  the 
number  formed  by  these  be  less  than  the  divisor,  then  count  off 
one  more.  Consider  these  figures  as  forming  one  number,  and 
find  how  often  the  divisor  is  contained  in  that  number.  It  will 
always  be  contained  in  it  less  than  ten  times,  and  therefore  the 
quotient  will  always  consist  of  a  single  figure.  Place  this  an- 
gle figure  as  the  first  figure  of  the  quotient. 

Multiply  the  divisor  by  this  single  figure,  and  place  the  prod- 
uct under  those  figures  of  the  dividend  which  were  taken  off  on 
the  left,  and  subtract  such  product  from  the  number  above  it, 
by  which  we  obtain  the  first  remainder.  This  remainder  must 
always  be  less  than  the  divisor. 

On  the  right  of  the  first  remainder  place  that  figure  of  the 
dividend  which  next  succeeds  those  which  were  cut  off  to  the  left. 
Find  how  often  the  divisor  is  contained  in  the  number  thus 
formed,  and  place  the  resulting  figure  of  the  quotient  next  to 
the  figure  of  the  quotient  already  found.  Multiply  the  divisor 
by  this  figure,  and  proceed  as  before,  until  all  the  succeeding 
figures  of  the  dividend  have  been  brought  down,  when  the  di- 
vision will  be  complete. 

NATITBE  AND  PEOPKETIES  OF  FRACTIONS. 

It  has  already  been  stated  that  a  fraction  which  has  the  same 
numerator  and  denominator  is  exactly  equal  to  1,  and  therefore 
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soch  a  fraction  is  of  fhe  same  valne  as  an  integer  or  whole  num- 
ber.  For  example,  the  fractions 

f,  f,  ii  h  h  h  f,  h  &0-1 
are  all  eqnal  to  1,  and  are  therefore  eqnal  to  one  another. 

All  fractions  of  which  the  nnmerator  is  less  than  the  denom- 
inator have  a  less  valne  than  nnity ;  for  if  a  nmnber  be  divided 
by  another  nmnber  greater  than  itseli^  the  result  mnst  be  less 
than  1.    K  we  cat  a  lath  2  feet  long  into  three  eqnal  lengths, 
one  of  those  lengths  will  certainly  be  shorter  than  a  foot. 
Hence  it  is  evident  that  f  is  less  than  1,  and  for  the  reason  that 
the  nnmerator  2  is  less  than  the  denominator  8.    I^  on  the  con- 
trary, the  nnmerator  be  greater  than  the  denominator,  then  it 
will  follow  that  the  fraction  will  be  greater  than  1.    Thus  f  is 
greater  than  1,  for  f  is  eqnal  to  f  and  J^,  and  as  f  is  eqnal  to  1, 
then  f  will  be  eqnal  to  IJ.    In  the  same  manner  f  is  eqnal  to  Hj 
f  to  If  ,  f  to  2}^,  and  so  on.    In  all  snch  cases  it  is  sufficient  to 
divide  the  npper  number  by  the  lower,  and  if  there  is  a  remain- 
der, to  write  it  as  the  nxunerator  of  the  residual  fraction,  and 
the  divisor  as  the  denominator.    I^  for  example,  the  fraction 
were  ff ,  we  should  divide  the  43  by  12,  when  we  should  get  3 
as  the  integer  and  ^  as  a  remainder ;  or,  in  other  words,  we 
should  obtain  the  number  3^.    Fractions  like  ff ,  which  have 
the  numerator  greater  than  the  denominator,  are  termed  im- 
proper/raetionSj  to  distinguish  them  from  fractions  properly  so 
called,  which,  having  the  numerator  less  than  the  denominator, 
are  less  than  unity,  or  an  integer. 

As  we  can  only  understand  what  the  fraction  ^  is  when  we 
know  the  meaning  of  ■^,  we  may  consider  the  fractions  whose 
nnmerator  is  unity  as  the  foundation  of  all  others.  Such  are 
the  fractions 

h  h  h  h  h  h  h  h  tV>  A*  i?i?»  A?  ^'j 

and  it  is  observable  that  these  fractions  go  on  continually  dimin- 
ishing, for  the  more  we  divide  an  integer,  or  the  greater  the 
number  of  parts  into  which  we  distribute  it,  the  less  does  each 
part  become.  Thus  yj^  is  less  than  ^ ;  -j-gVc  is  less  than  y^ ; 
nrbr  ^  l^s  than  xsW »  *^^  as  we  increase  the  denominator  of 
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fhe  fraction,  fhe  less  does  the  yalne  of  the  fraction  become.  I^ 
therefore,  we  suppose  the  denominator  to  be  made  infmtelj 
large,  the  fraction  will  become  equal  to  nothing.  To  express 
the  idea  of  infinity,  we  make  nse  of  the  symbol  oo,  and  we  may, 

therefore,  say  that  the  fraction  ^^—0.    Kow,  we  know  that  if 

we  divide  the  dividend  1  by  the  quotient  -^,  which  is  equal  to 
nothing,  we  obtain  again  the  divisor  oo .  Hence  we  learn  that 
infinity  is  the  quotient  arising  from  the  division  of  1  by  0.  Thus 
1  divided  by  0  expresses  a  number  infinitely  great.  But  ^  is 
certainly  only  the  half  of  f  ,  or  the  third  of  { ;  so  that  it  would 
appear  as  if  one  infinity  may  be  twice  or  three  times  greater 
than  another.     It  will  be  obvious  that  as  the  fractions 

h  h  *,  *,  *,  h  h  h  &Cm 

are  all  equal  to  one  another,  each  of  them  being  in  fact  equal  to 

1,  so  also  the  fractions 

f ,  *,  *,  *,  ¥,  ¥,  ¥,  &o., 

are  all  equal  to  one  another,  each  of  them  being  in  fact  equal  to 
2 ;  for  the  numerator  of  each  divided  by  the  denominator  gives 

2.  So  likewise  the  fractions 

*,  *,  *,  ¥,  ¥,  ¥,  ¥,  &c., 
are  equal  to  one  another,  since  in  fact  each  of  them  is  equal  to  8. 
Kow  it  is  clear  that  as  f  is  the  same  as  -^,  and  as  f  is  the 
same  as  ^,  both  being  equal  to  8,  the  value  of  a  fraction  will 
not  be  changed  if  we  multiply  numerator  and  denominator  by 
the  same  number.  Thus  in  the  case  of  the  fraction  |^,  if  we 
multiply  numerator  and  denominator  by  4,  we  shall  have  f^ 
which  is  clearly  equal  to  i.    So  also  the  fractions 

i,  h  h  ii  A»  A»  A,  A>  M»  &c., 
are  equal,  each  of  them  being  equal  to  i.    The  fractions 

h  l»  i  -A*  A»  A>  A>  A»  iry  H>  &c., 
are  also  equal,  each  being  equal  to  i;  and  the  fractions 

*,  -t,  *,  A, «,  H, «,  H,  Jf ,  &0., 

are  also  equal,  each  of  them  being  equal  to  f. 
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Now  of  all  fhe  equivalent  fractions 

T»  *>  T>  A>  tfj  irt  til  iT>  ^'} 

the  qnantitj  f  is  that  of  which  it  is  easiest  to  fonn  a  definite 
idea.  It  is  nsnal,  therefore,  when  we  have  any  such  fraction  as 
))  or  ^,  to  reduce  it  to  its  lowest  terms,  hy  dividing  numerator 
and  denominator  hy  some  nmnher  that  will  divide  each  without 
a  remainder.  This  division,  it  is  clear,  will  not  affect  the  nn- 
merical  value  of  the  fraction ;  for  if  we  can  multiply  both  nu- 
merator and  denominator  by  the  same  number  without  affecting 
the  value,  so  we  may  divide  both  without  affecting  the  value ; 
SB  by  such  division  we  bring  back  the  fraction  of  which  both 
pwtionB  had  been  multiplied  to  the  original  expression. 

The  number  by  which  the  numerator  and  denominator  of  a 
finction  may  be  divided  without  leaving  a  remainder  is  called  a 
«00imon  divisor;  and  so  long  as  we  can  find  for  the  numerator 
and  denominator  a  common  divisor,  it  is  certain  that  the  frac- 
tion may  be  reduced  to  a  lower  form.  But  if  we  cannot  find 
such  conmion  divisor,  the  fraction  is  in  its  lowest  form  already. 
Thus  in  the  fraction  -^,  we  at  once  see  that  both  terms  are  di- 
visible by  2,  and,  performing  this  division,  the  fraction  becomes 
II;  wMch,  if  again  divided  by  2,  becomes  fj,  and  which  in  like 
mnner,  by  another  division  by  2,  becomes  ^.  This,  it  will  be 
obfions,  cannot  any  longer  be  divided  by  2,  but  it  may  be  by  8, 
lrili0DL  tihe  expression  becomes  f ;  and  as  this  cannot  be  divided 
\f  any  other  number  than  1,  it  follows  that  the  fraction  is  now 
h.  its  lowest  terms.  Now  2  x  2  x  2  x  8—24,  and  instead  of  the 
nooeesive  divisions  by  2,  by  2,  by  2,  and  by  8,  we  may  divide 
fiance  by  the  product  of  these  quantities,  or  24;  and  dividing 
lamerator  and  denominator  of  -j^  by  24,  we  have  |  as  before. 
The  property  of  fractions  retaining  the  same  value,  whether 
t»  multiply  or  divide  their  numerator  and  denominator  by  the 
•ne  number,  carries  this  important  consequence — ^that  it  ena- 
;Vb  fractions  to  be  easily  added  or  subtracted,  after  having  first 
jhm^t  them  to  the  same  denomination.  If,  for  example,  we 
tato  add  together  |,  i,  -^^  and  ^  of  an  inch,  we  could  not  do 
JK  eafflly  unless  we  brought  the  whole  of  these  quantities  to 
2* 
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thirty-seconds.  When  so  reduced  the  quantities  wiU  be  |f  ,  ^ 
A,  ^,  the  snm  of  which  is  clearly  ff ,  or,  dividing  nnmerator 
and  denominator  by  8,  the  expression  becomes  f  • 

All  whole  nnmbers,  it  is  dear,  may  be  expressed  by  frac- 
tions, since  any  whole  nnmber  may  be  divided  into  any  nmnber 
of  parts.  For  example,  6  is  tbe  same  as  f  .  It  is  also  the  same 
^  V-i  V)  ^j  Vi  <^^  <^  infinite  nnmber  of  other  expressions 
which  all  have  the  same  value. 

ADDITION  AND  STJBTBACTION  OF  FRAOTIONB. 

When  fractions  have  the  same  denomination  there  is  no 
more  difficulty  in  adding  or  subtracting  them  than  there  is  in 
adding  or  subtracting  whole  numbers.  Thus  i+f  is  manifestly 
#,  and  |— J^  is  obviously  ^.    So  also 

tJtt + TJTr~-Afir-— Afir + -Afti— tJtt* 

if    inr    Ta+IJ  "■fJ  or  a* 

if-^-H+H-H  or  f 
Also  t+f— }— 1  and  J-f+J— j— 0. 

But  when  fractions  have  not  the  same  denominators,  then, 
before  we  can  add  or  subtract  them,  we  must  change  them  for 
others  of  equal  value  which  have  the  same  denominators.  For 
example,  if  we  wish  to  add  the  fractions  i  and  i,  we  must  con- 
sider that  i  is  the  same  as  f  ,  and  that  i  is  equivalent  to  f  .  We 
have,  therefore,  instead  of  the  fractions  first  proposed,  the  equiva- 
lent fractions  f  and  f ,  the  sum  of  which  is  f .  K  the  two  fractions 
were  united  by  the  sign  — ,  we  should  have  i— J  or  f — |— J. 
Again,  if  the  fractions  proposed  be  f +f)  then  as  f  is  the 
same  as  |,  the  sum  will  be  f+|"=V^=lf.  If  the  sum  of 
i  and  i  were  required,  then  as  4=-^^  and  i=iVj  the  snm 

These  cases  are  simple  and  easily  reduced.  But  we  may 
have  a  great  number  of  fractions  to  reduce  to  a  common  denom- 
ination, which  require  a  more  elaborate  process.  For  example, 
we  may  have  i,  f  ,  f ,  ^,  |,  to  reduce  to  a  common  denomiaatiQny 
in  order  that  we  may  add  them  together.  The  solution  of  saob. 
a  case  depends  upon  finding  a  number  that  shall  be  divisible  by^ 
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all  the  denominators  of  these  fractions.    Here  we  proceed  ac- 
cording to  the  following  role : 

TO  BEDirOE  FRACTIONS  TO  A  COMMON  DENOMINATION. 

Bulb. — Multiply  eaoh  numerator  into  eoery  denominator 
exeetpt  its  own  for  a  new  num^rator^  a/nd  multiply  all  the  denom- 
inators together  for  a  comm>on  denominator. 

When  this  operation  has  heen  performed,  it  will  be  foimd 
that  the  nnmerator  and  denominator  of  each  fraction  have  been 
multiplied  by  the  same  quantity,  and  conseqnentiy  that  the  frac- 
tions retain  the  same  value,  while  they  are  at  the  same  time 
brought  to  a  common  denomination. 

Example.  Reduce  i,  f  ,  f ,  f  ,  and  f  ,  to  a  common  denomina- 
tion. 

1x8x4x6x6=860  and  860-^6=  60  and  604-2=80 
2x2x4x6x6=480  and  480-4-6=  80  and  80-^2=40 
8x2x8x6x 6=640  and  640-4-6=  90  and  90-f-2=45 
4x2x8x4x6=6Y6  and  676-4-6=  96  and  96-4-2=48 
6x2x8x4x 6=600  and  600-4-6=100  and  100-^2=60 


2x8x4x6x 6=720  and  720-^6=120  and  120-^-2=60 

Here,  then,  we  first  multiply  1,  which  is  the  numerator  of 
the  fraction  J,  by  the  denominators  of  all  the  other  fractions  in 
succession.    We  next  multiply  the  number  2,  which  is  the  nu- 
merator of  the  fraction  f  ,  by  the  denominators  of  aU  the  other 
fractions— excepting  always  its  own  denominator — ^and  we  pro- 
ceed in  this  manner  through  all  the  fractions  whatever  their 
number  may  be.    We  next  multiply  all  the  denominators  to- 
gether for  the  common  denominator.    Proceeding  in  this  way 
we  find  the  first  numerator  to  be  860,  the  second  480,  the  third 
640,  the  fourth  576,  aod  the  fifth  600 ;  while  the  new  denomi- 
inator  we  find  to  be  720.    It  is  clear,  however,  that  these  frac- 
tions are  not  in  their  lowest  terms,  and  that  the  numerator  and 
denominator  of  each  may  be  divided  by  some  common  number 
without  leaving  a  remainder.    We  may  try  6  as  such  a  divisor, 
tod  we  shall  find  that  the  numerators  will  then  become  60,  80, 
90,  96,  and  100,  and  the  denominator  120.    These  numbers. 
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however,  are  still  divisible  by  2,  and  performing  the  division 
the  numerators  become  80,  40,  45,  48,  and  60,  and  the  denomi- 
nator becomes  60.  The  same  result  would  have  been  attained 
if  we  had  divided  at  once  by  12.  And  as  we  cannot  effect  any 
further  division  upon  all  of  the  numbers  by  one  common  num- 
ber, without  leaving  a  remainder  in  the  case  of  some  of  them, 
the  fractions,  we  must  conclude,  are  now  in  their  lowest  com- 
mon terms.  To  add  together  these  fractions  we  have  only  to 
add  together  the  numerators,  and  place  the  common  denomina- 
tor under  the  sum.  Performing  this  addition  we  find  that  in 
this  case  we  have  ^,  and  as  f}  are  equal  to  1,  it  follows  that 
■^  are  equal  to  8  and  |f ,  or  8  J}. 
It  is  easy  to  prove  that  the  fractions 

h  I  *»  h  Mid  I 

are  of  precisely  the  same  value  as  the  fractions 

T%i  TT»  Ta>  T&>  TV 

which  have  been  substituted  for  them.  Dividing  numerator  and 
denominator  of  the  first  term  by  80  we  obtain  j^*  dividing  nu- 
merator and  denominator  of  the  second  term  by  20  we  obtain 
f ;  16  is  the  divisor  in  the  case  of  the  third  term  when  we  ob- 
tain f ;  12  is  the  divisor  in  the  case  of  the  fourth  term  when 
we  obtain  the  fraction  f ;  and  10  is  the  divisor  in  the  last  case 
when  we  obtain  the  fraction  f .  Dividing  the  numerator  and 
denominator  of  each  of  the  transformed  fractions,  therefore,  by 
the  greatest  number  that  will  divide  both  without  a  remainder, 
we  get  the  fractions 

h  h  h  h  and  i 

which,  it  will  be  seen,  are  the  fractions  with  which  we  set  out, 
and  they  are  now  in  their  lowest  terms,  but  are  no  longer  of 
one  conmion  denomination.  The  lowest  terms  with  a  common 
denominator  are 

30     40     45     48     «t,/1    50 

as  determined  above. 

The  subtraction  of  fractions  from  one  another  is  accom- 
plished by  reducing  them  to  a  conmion  denomination  as  for  ad- 
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dition,  and  then  by  subtracting  the  less  numerator  from  the 
greater.  Thus  if  we  have  to  subtract  f  from  f ,  we  must  re- 
duce them  to  a  common  denomination  by  the  process  already 
explained,  when  the  first  becomes  H,  and  the  second  ^,  so  that 
f  exceeds  f  in  magnitude  by  ^.  So  also  if  we  have  to  subtract 
{from  f,  tihe  first  fraction  becomes  by  the  process  of  reduction 
}^,  and  the  second  f  |,  so  that  f  taken  from  f  leaves  ^V* 

As  whenever  the  numerator  of  a  fraction  is  a  larger  number 
than  the  denominator,  the  value  of  the  fraction  is  greater  than 
Tinity,  and  is  equal  to  unity  when  numerator  and  denominator 
is  the  same,  we  have  only  to  divide  the  numerator  by  the  de- 
nominator to  find  the  number  of  integers  which  the  fraction 
contains.    So  in  subtracting  a  fraction  from  a  whole  number, 
we  must  break  one  or  more  integers  up  into  fractions  of  the 
same  denomination  as  that  which  has  to  be  subtracted.    Thus 
if  we  have  to  take  fj  from  1,  we  must  instead  of  the  1  vsrite 
I  J,  and  fj  taken  therefrom  obviously  leaves  |J.    If  we  have  to 
add  together  such  sums  as  S^  and  2f ,  we  see  at  once  that  the 
whole  numbers  when  added  will  be  5,  and  the  equivalent  frac- 
I     tions  under  a  common  denominator  will  be  f  and  ^  or  |,  which 
is  H,  80  that  the  total  quantity  will  be  6^. 

The  addition  and  subtraction  of  decimal  fractions  are  per- 
formed in  precisely  the  same  way  as  the  addition  and  subtrac- 
tion of  whole  numbers — ^the  only  precaution  necessary  being  to 
place  the  decimal  point  in  the  proper  place.  Thus  78963*874+ 
83952*2 +364-003 +  10000-997  are  added  together  as  follows: 
'78963*874  Here,  beginning  as  in  the  addition  of  whole 

83962*2        numbers  with  the  first  column  to  the  right,  we  find 
^64*003     that  7  and  3  are  10  and  4  are  14.    We  set  down 

l_    the  4  beneath  the  column  and  carry  1  to  the  next 

173281*074  column.  Adding  up  the  next  column,  we  find  only 
==  two  significant  figures  in  it,  and  we  say  1  added  to 
9  makes  10,  which  added  to  7  makes  17.  We  set  down  the  7  and 
carry  the  1  as  before  to  the  next  column,  which  when  added  up 
we  find  to  be  20.  This  means  20  tenths,  and  we  set  down  the 
0  and  carry  the  2  to  the  next  column  just  as  in  simple  addition. 
So  likewise  in  subtraction,  if  we  take  2*25  from  4*75,  the  result 
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will  be  2'60;  or  if  we  take  1-T9  from  8,  the  reanlt  ia  1-31. 
eaiih  a  case  we  write  the  3  thus: 
3'00  Here  we  write  the  3  with  a  decimal  point  aft«r  it,    { 

1'79  and  we  add  ob  manj  ciphers  alter  the  decimal  point  as 
~rZ[  there  are  decimal  figures  to  be  subtracted,  or  we  suppose 
■ — ^  those  ciphers  to  be  added.  This  does  not  alt«r  tho  value 
of  tho  3,  as  3  with  no  fractions  added  to  it  is  jnat  3.  Perfonn- 
ing  the  enbtraction  we  sa;  9  from  10  leaves  1,  and  S  taken  from 
10  leaves  2,  and  2  from  8  leaves  1,  just  as  in  simple  subtraction. 


If  wo  wish  to  multiply  a  fraction  any  niunber  of  times,  it  is 
clear  that  it  ia  only  the  numerator  wo  must  moltiply.  Thus  if 
we  multiply  J  of  au  inch  by  3,  it  is  obvions  that  we  shall  get  % 
of  an  inch  as  the  product  of  the  multiplication,  or  ^  repeated 
8  times.  We  have  already  seen  tliat  to  multiply  both  terms  of 
a  fraction  by  any  number  does  not  alter  the  value  of  the  frac- 
tion, and  if  we  were  to  multiply  the  numerator  and  denomina- 
tor of  the  fraction  ^  by  8  we  should  get  ^,  which  ia  just  tie 
same  as  i.    Thus  also — 

8  times  ^  makes  |  or  1{. 

8  times  i  makes  f  or  1. 

8  times  \  makes  |  or  ^. 

4  times  -^  makes  45  or  Ij^  or  If, 

Instead,  however,  of  multiplying  the  nmnerator,  we  may 
attain  tho  sarao  end  by  dividing  the  denominator,  and  this  U 
preferable  practice  when  it  can  be  carried  out,  as  it  shortens  flie 
arithmetical  operation.  Thus  J  mnltiphed  by  2  is  |  or  J^.  But 
by  dividing  the  denominator  of  i  by  2,  we  obtdn  the  8 
quantity  of  J  at  one  operation.  So  also  if  we  have  to  mnltiplj 
I  by  3  we  obtain  -^  or  }.  But  ifi  instead  of  multiplying  the 
nnmerator,  we  divide  the  denominator,  we  obtaiu  the  f  at  one 
operation.    In  tlic  same  way  jf  mnltiphed  by  0  is  equal -y,  or  BJ. 

Where  the  integer  witJi  which  the  mnitipli  cation  is  per- 1 
formed  is  exactly  cqaal  to  tlLe  denominator  of  the  fraction,  the  I 
product  will  be  eqoal  to  the  numerator.    Tlius — 
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JX2-.1 
f  X8  — 2 

f  x4— 8 

Haying  now  shown  how  a  fraction  may  be  multiplied  by  an 
integer,  the  next  step  is  to  show  how  a  fraction  may  be  divided 
by  an  integer ;  and  just  as  a  fraction  may  be  multiplied  by  di- 
viding the  denominator,  so  may  a  fraction  be  divided  by  multi- 
plying the  denominator.  It  is  clear  that  if  we  divide  half  an 
inch  into  two  parts,  each  of  these  parts  will  be  ^  of  an  rach, 
and  we  divide  quarter  of  an  inch  into  two  parts,  each  of  those 
parts  will  be  |-  of  an  inch,  so  that  ^-i-2  — '^  and  l-i-2  — 1^,  which 
quantities  we  obtain  by  successively  multiplying  the  denomina- 
tors. We  may  accomplish  the  same  object  by  dividing  the  nu- 
merator where  it  is  divisible  without  a  remainder.  Thus  f  di- 
vided by  2  is  clearly  i,  and  f  divided  by  8  is  f.    Thus  also 

H  divided  by  2  gives  ^, 
Jl  divided  by  3  gives  5^, 
il  divided  by  4  gives  ^. 

When  the  nimierator  is  not  divMble  by  the  divisor  without 
a  remainder,  the  fraction  may  be  put  into  some  equivalent  form, 
when  the  division  may  be  effected.  Thus  if  we  had  to  divide 
I  by  2,  we  might  turn  it  iuto  the  equivalent  fraction  f,  which, 
divided  by  2,  gives  %.  But  the  same  number  is  more  conven- 
ientiy  foimd  by  multiplying  the  denominator  instead  of  by  di- 
viding the  numerator. 

We  have  next  to  consider  the  case  where  one  fraction  has  to 
be  multiplied  by  another.  Thus  if  the  fraction  f  has  to  be  mul- 
tiplied by  the  fraction  f ,  we  have  first  to  remember  that  the  ex- 
pression f  means  2  divided  by  8,  and  we  may  first  multiply  by  4, 
which  produces  f  ,  and  then  divide  by  6,  which  produces  •^. 
Hence,  in  multiplying  a  fraction  by  a  fraction,  we  multiply  the 
numerators  together  for  the  new  numerator,  and  the  denominat- 
ors together  for  the  new  denominator.    Thus, 

J  X  f  gives  the  product  f  or  J^, 

fxfgivesA, 

i  X  iV  gives  a  or  ^«^. 
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Finally,  we  have  to  show  how  one  fraction  may  be  divided 
bj  another.  If  the  two  fractions  have  the  same  number  for  a 
denominator,  the  division  takes  place  only  with  respect  to  the 
numerators.  An  inch  being  ^  of  a  foot,  it  is  clear  that  -^  is 
contained  in  -^  just  as  often  as  8  inches  is  contained  in  9  inches 
or  3  times ;  and  in  the  same  manner,  in  order  to  divide  -^  by 
rfffj  we  have  only  to  divide  8  by  9,  which  gives  {••  So  also  ^  is 
contained  3  times  in  j^J,  and  yj^  9  times  in  ^i^^.  But  when  the 
fractions  have  not  the  same  denominator,  then  we  must  reduce 
them  to  a  common  denominator  by  the  method  of  reduction  al- 
ready explained.  This  result,  expressed  in  words,  will  be  as 
follows : — ^Multiply  the  numerator  of  the  dividend  by  the  denom- 
inator of  the  divisor  for  the  new  numerator,  and  the  denomi- 
nator of  the  dividend  by  the  numerator  of  the  divisor  for  the  new 
denominator.  Thus  ^  divided  by  f =H)  ^^^  i  ^vided  by  J=f  or 
},  or  1|-,  and  f|  divided  by  i=J4J  or  i.  This  role  is  commonly 
expressed  in  the  following  form  .-—Invert  the  terms  of  the  divisor 
so  that  the  denominator  may  be  in  the  place  of  the  numerator. 
Multiply  the  fraction  which  is  the  dividend  by  this  inverted  frac- 
tion, and  the  product  wiU  be  the  quotient  sought. 

Thus  i  divided  by  J=i  x  f =f =1  J.  Also,  i  divided  by  f =-|  x 
f =H,  and  a  divided  by  |=ff  x  f = J4J  or  f 

If  we  have  a  line  100  feet  long,  and  if  we  divide  it  in  hall^  we 
shall  manifestly  have  two  lines  each  50  feet  long.  So  if  we  di- 
vide it  into  lengths  of  25  feet,  we  shall  have  4  such  lengths ;  if 
we  divide  it  into  lengths  of  2  feet  each,  we  shall  have  50  such 
lengths;  and  if  into  1  foot  lengths,  we  shall  have  100  of  them; 
if  into  lengths  of  half  a  foot,  we  shall  have  200  lengths ;  and  if 
into  lengths  of  i  of  a  foot,  we  shall  have  400  such  lengths. 
JiLence 

100  divided  by  100  —  1 

100  divided  by  50=2 

100  divided  by  25—4 
100  divided  by     1      100 
100  divided  by     J^-=200 
100  divided  by     i— 400 

We  see,  therefore,  that  to  divide  a  number  by  the  fraction  ) 
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is  eqxdyalent  to  mnltiplyinig  it  by  2 ;  to  divide  by  the  fraction  i 
is  the  same  as  to  multiply  by  4.  So,  further,  if  we  divide  1  by 
the  fraction  jtW)  ^®  quotient  is  1,000,  and  1  divided  by  Twhv 
is  10,000.  As,  then,  the  fraction  gets  smaller  and  smaller,  the 
quotient  gets  greater  and  greater,  so  that  we  are  enabled  to  con- 
ceive that  a  number  divided  by  0  will  be  indefinitely  great,  since 
in  &ct  there  will  be  an  indefinitely  great  number  of  nothings  in  it. 
As  every  number  whatever,  divided  by  itself,  produces  unity, 
80  a  fraction,  divided  by  itself  produces  unity.    Thus  1-7-1=1  x 

The  multiplication  of  decimal  fractions  is  performed  in  pre- 
cisely the  same  way  as  the  multiplication  of  whole  numbers,  and 
we  must  mark  off  in  the  product  as  many  decimal  places  as  there 
are  in  the  multiplier  and  multiplicand  together.  Thus  1*0025 
multiplied  by  2-5  =  2-50625 ;  also,  '0048  multiplied  by  '000012 
=  0000000576. 

The  division  of  decimals  is  performed  in  the  same  way  as  the 
diTidon  of  common  numbers;  and  if  the  number  of  decimal 
places  in  the  tdivisor  be  the  same  as  in  the  dividend,  the  quotient 
thus  obtained  will  be  the  quotient  required,  and  will  be  a  whole 
number.  But  if  the  number  of  decimals  in  the  dividend  exceed 
that  in  the  divisor,  mark  off  in  the  quotient  obtained  by  this  di- 
^on  as  many  decimal  places  as  make  up  the  difference.  But 
i^the  number  of  decimals  in  the  divisor  exceed  that  in  the  divi- 
dend, annex  as  many  ciphers  to  the  quotient  as  make  up  the  dif- 
ference. Thus  -805  divided  by  2*3  =  -35,  and  2-6  divided  by 
•82  =  7-8125. 

The  number  3*045  denotes  3  unitSy  0  tenths^  4  hundretTis,  and 
^thuscmdthSj  and  it  might  be  written  3+^+Tfy+T^,  and 
the  number  3-47  might  be  written  3+-i'jj^+i^,  orit  might  be 

written  800+40+7_m      g^  ^      ^^.^^  ^  ^3-5  ^  jgj   ^^^ 

100  100  ^^  ' 

23-0625  =  2BjUh  =  23^.  Also,  4-35  =  4+^'^+^,  or  to  ^+ 
A+i^ ;  or  by  reducing  the  fractions  to  the  same  denomination 
^*  is  f^+  8  0  +  ^=::^.  So  m,  put  in  the  form  of  a  decimal, 
win  be  5-62,  for  m=^+^+^.  But  m=h  ^^  t^^ere- 
fore  |e=6,  and  VWr=A»  «^^  5+^+^=5-62. 
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PROPORTION. 

The  Proportion  or  Batio  of  one  quantity  to  another  is  the 
number  which  expresses  what  fraction  the  former  is  of  the  lat- 
ter, and  is  therefore  obtained  by  dividing  the  former  by  the 
latter. 

The  most  distinct  idea  of  proportion  is  obtained  by  reference 
to  a  triangle  snch  as  that  here  figured,  where  ab  has  the  same 
proportion  to  bo  that  ad  has  to  de.  It  is  clear  that  if  the  quan- 
tities AB,  AD,  and  BO  are  fixed,  the  quantity  de  will  also  be  de- 
termined, as  we  have  only  to  draw  the  line  ae  through  o  until 

ing.1. 


it  intersects  the  vertical  line  de,  which  it  will  thereby  out  off  to 
the  proper  length.  Thus  also  the  ratio  108  to  144,  or  as  it  is 
written  108  :  144,  is  f£f  =  J.  A  proportion  is  usually  stated  as 
follows :  2isto  4as4isto8,  or2:4::4:8;  and  in  all  cases 
of  proportion  the  product  of  the  first  and  fourth  terms  are  equal 
to  the  product  of  the  second  and  third  terms.  This  is  expressed 
by  saying  that  the  product  of  the  extremes  is  equal  to  the  prod- 
uct of  the  means.  So  2  x  8  =  4  x  4.  Conversely,  if  the  product 
of  any  two  numbers  equal  the  product  of  other  two,  then  the 
four  numbers  are  proportionals.  The  method  by  which  we  find 
a  fourth  proportional  to  three  given  quantities,  by  multiplying 
together  the  second  and  third  and  dividing  by  the  first,  is  what 
is  termed  the  Ktile  of  Theeb.  K  a  yard  of  calico  costs  1  shil- 
ling, it  is  clear  that  20  yards  will  cost  20  shillings ;  and  we  say, 
therefore,  1  yard  is  to  20  yards  as  1  shilling  is  to  20  shillings ; 
or  we  say,  3  inches:  12  inches  ::  12  inches: 48  inches.  Here 
we  obtain  the  48  by  multiplying  together  12  and  12,  which 
makes  144,  and  which  divided  by  3  gives  48. 

Proportion  ia  in  fact  a  mere  question  of  scale.    If  we  make 
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a  model  or  drawing  of  a  house  or  a  machine,  we  may  make  it  on 

thp  s6ale  of  ^  of  an  inch  to  the  foot,  or  -I  an  inch  to  the  foot,  or 

1  inch  to  the  foot,  or  1^  inches  to  the  foot,  or  on  anj  scale  what- 

6Ter.    But  the  object,  when  constructed  of  the  full  size,  will  be 

precisely  the  same  on  whatever  scale  the  model  or  drawing  has 

been  formed.    K  the  scale  be  i  of  an  inch  to  the  foot,  then  it  is 

dear  the  object  when  formed  of  ftdl  size  will  be  48  times  larger 

than  the  model  or  drawing — ^that  is,  it  will  be  48  times  longer, 

48  times  broader,  and  48  times  higher.    So  in  like  manner  if  the 

Jinch  scale  be  employed,  the  object  will  be  24  times  larger;  if 

the  scale  be  1  inch,  it  will  be  12  times  larger ;  and  if  the  scale 

be  IJ  inches  to  the  foot,  it  will  be  8  times  larger.    So  in  like 

manner  £20  bears  the  same  proportion  to  £1  that  20  shillings 

bears  to  1  shilling.    But  £20  are  400  shillings,  and  £1  are  20 

shillings.    Hence,  by  transforming  the  pounds  into  shillings,  we 

see  that  400  shillings  bear  the  same  relation  to  20  shillings  that 

80  shillings  bear  to  1  shilling;  or,  in  other  words,  400 :  20  :: 

20:1. 

If  we  take  a  rectangular  figure  such  as  abod,  say  4  inches 
long  an4  1.  inch  wide,  and  if  we  enlarge  this  figure  by  making  it 
4mches  longer  and  4  inches  broader,  we  see  at  a  glance  that  the 
resulting  rectangle  aefq  is  not  of  the  same  shape,  and  in  fact  is 
not  the  safne  Mnd  pf  figure  as  the  piiginal  rectangle  abod.    This 


\b  because  the  enlargement  was  not  made  proportionally,  and 
the  diagonal  af  consequently  does  not  lie  in  the  same  line  as  the 


44 


AKITHUKTIC  OF  TEDB  8TBAM-SHOIHS. 


diagonal  Aa    To  make  the  enlargement  proportional,  we  ahonld 
onlj  have  extended  ab  1  inch,  when  we  extended  ad  4  inohea. 

Fi&aL 


Snch  an  extension  is  shown  hj  the  rectangle  ajho;  and  the 
diagonal  of  that  rectangle  lies  in  the  same  line  as  that  of  the 
original  rectangle  abod.  In  like  manner,  if  the  elliptical  figure 
AB  be  enlarged  by  equal  quantities  in  the  line  ab  and  in  the  line 
CD,  each  successive  ellipse  becomes  more  circular,  and  to  main- 
tain the  original  figure  the  enlargements  should  be  in  the  pro- 
portion of  the  length  and  breadth. 


ON  THE  SQITABES  AND  SQUABE  BOOTS  OF  NUMBEBS. 

The  product  of  a  number  multiplied  hj  itself  is  called  a  square^ 
and  the  quotient  obtained  by  dividing  this  product  by  the  num- 
ber is  the  square  root  of  the  product.  Thus  12  times  12  is  144^ 
which  is  the  square  of  12 ;  and  IM  divided  by  12  is  12,  which  is 
the  square  root  of  144.  In  like  manner,  the  square  root  of  12  is 
the  particular  number  which,  multiplied  by  itself,  produces  12. 
Such  number  is  neither  8  nor  4,  as  8  times  8  is  9  and  4  times  4 
is  16,  of  which  the  one  is  less  than  12  and  the  other  greater. 
The  square  root  of  12  will  be  some  number  between  8  and  4,  and 
what  the  particular  number  is  it  is  the  object  of  the  process  for 
determining  square  roots  to  discover.  The  origin  of  the  term  is 
traceable  to  the  language  of  geometry,  where  a  rectangular  sur- 
face is  produced  by  the  multiplication  of  one  linear  dimension 
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with  another,  or  a  square  is  produced  by  the  multiplioation  of 
one  linear  dimension  hj  itself!  Thus  a  piece  of  board  a  foot  long 
and  a  foot  broad  has  a  surface  of  one  square  foot,  of,4f  we  count 
the  dimensions  in  inches,  as  the  length  is  12  inches  and  the 
breadth  12  inches,  the  superficies  will  be  12  times  12,  or  144 
sqnare  inches.  The  square  of  1  is  1,  since  1x1=1.  The  square 
of  2  is  4,  since  2x2=4.  The  square  of  3  is  9,  since  8x8=9. 
Gontrariwise  1,  2,  and  3  are  the  square  roots  of  1,  4,  and  9. 
If  we  write  the  numbers 

1,  2,  8,  4,  6,  6,  r,  8,  9,  10,  11,  12,  18, 

and  their  squares 

1,  4,  9,  16,  25,  36,  49,  64,  81,  100,  122,  144,  169, 

it  win  be  seen  that  if  each  square  number  is  subtracted  from  that 
which  immediately  follows,  we  obtain  the  series  of  odd  numbers 

8,  6,  r,  9,  11,  18,  16,  ir,  19,  21,  &c., 

m  which  the  numbers  go  on  increasing  by  2. 

The  square  of  a  fraction  is  obtained  by  multiplying  the  frac- 
tion by  itself  in  the  same  manner  as  a  whole  number.  Thus 
ixi=i;  ixi=i;  »xl=J;  ixi=j\;  and  ixl=A.  So 
also  i  is  the  square  root  of  i;  i  is  the  square  root  of  |,  and  i  is 
the  square  root  of  jV. 

When  the  square  of  a  mixed  number,  consisting  of  an  integer 
and  a  fraction,  has  to  be  determined,  we  may  reduce  the  mixed 
somber  to  a  fraction  by  multiplying  the  integer  by  the  denomi- 
nator, and  adding  the  numerator  to  form  a  new  numerator  with 
the  same  denominator  for  the  denominator  of  the  new  fraction. 
Thus  3t=V+l=-V-  M^d  t^e  square  of -V-=-VV-  or  15^\.  Thus 
also,  as  the  square  of  4  is  11)  the  square  root  of  f  f  is  4,  and  the 
square  root  of  12i  or  ^^.=^=Zi,  But  when  the  number  is  not 
a  square,  it  is  impossible  to  extract  its  square  root  precisely, 
though  the  root  may  be  approximated  to  with  any  required  de- 
gree of  nearness.  We  have  already  seen  that  the  square  root  of 
12  must  be  more  than  3  and  less  than  4.  We  have  also  seen 
that  this  root  is  less  than  8^,  as  the  square  of  3^  is  12^.  Neither 
is  the  root  8|^  or  ff  the  square  of  which  is  %V-  or  122$5,  which 
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i3  ertill  greater  than  12.  So  if  we  try  the  number  B^  or  ^fff^ 
we  shall  find  the  number  to  be  too  small,  for  12  rednoed  to  the 
same  denomination  is  -^1%^-,  so  that  B^^  is  y^  too  small,  while 
8^  is  too  great.  The  fact  is,  whatever  fraction  we  annex  to  8, 
the  square  of  that  sum  .will  always  contain  a  fraction,  and  will 
never  be  exactly  12;  and  although  we  know  that  8-^  is  too  great, 
and  8y\  is  too  small,  we  cannot  fix  upon  any  intermediate  num- 
ber which  multiplied  by  itself  shall  produce  12 ;  whence  it  fol- 
lows that  the  square  root  of  12,  though  a  determinate  magnitude, 
cannot  be  expressed  by  fractions.  '  There  is  therefore  a  kind  of 
numbers  which  cannot  be  specified  by  fractions,  but  which  still 
are  determinate  quantities,  and  of  these  numbers  the  square  root 
of  12  is  an  example.  These  numbers  are  called  irrational  nun^ 
berSj  and  th^y  occur  whenever  we  attempt  to  find  the  square  root 
of  a  number  that  is  not  a  square.  These  numbers  are  also  called 
9urd8  or  incommensurables.  The  square  roots  of  all  numberft 
which  are  not  perfect  squares,  are  indicated  by  the  sign  ^,  which 
is  read  square  root:  Hence  ^J\^  means  the  square  root  of  12; 
^  the  square  root  of  2 ;  ^8  the  square  root  of  8 ;  Vf  ^^  square 
root  off,  and  ^a  the  square  root  of  a.  As,  moreover,  the  sqiufre 
root  of  a  number  multiplied  by  itself  will  produce  the  number, 
-y/2  multiplied  by  V^  will  produce  2 ;  -^3  x  -^3=8 ;  V^  x  V^=^  ? 
VI  ^  Vt^t  >  ^^^  V^  ^  V^  produces  a. 

Although  these  irrational  quantities  cannot  be  expressed  in 
fractions,  it  will  not  therefore  be  supposed  that  they  are  visionary 
or  impossible.  On  the  contrary,  they  are  real  quantities,  which 
may  be  dealt  with  in  the  same  way  as  common  numbers ;  and 
however  difficult  of  appreciation  such  a  number  as  the  square 
root  of  12  may  be,  we  at  least  know  this  much  of  it,  that  it  is 
such  a  number  as  multiplied  by  itself  will  produce  12. 

It  is  easy  to  approximate  to  the  square  root  of  a  number  by 
taking  a  trial  number  and  squaring  it,  when  it  will  be  at  once 
seen  whether  such  supposititious  number  is  too  great  or  too  fflnall. 
It  is  also  easy  to  find  the  square  root  by  means  of  logarithms. 
But  the  ordinary  arithmetical  process  for  finding  the  square  root 
is  not  difficult,  and  will  be  readily  understood  by  one  or  two  ex- 
amples. 
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TfaiB,  in  extracting  the  square  roots  of  15,625  aad  998)001, 
the  mode  of  prooednre  is  as  follows : — 


15625(125  996001(999 

1  81 


22)66  189)1880 

44  1701 


245)1225  1989)17901 

1225  17901 


Here,  in  the  first  place,  we  separate  the  numbers  mto  groups 
of  two  figures  each,  beginoing  at  the  right,  hj  making  a  short 
line  oyer  each  pair  of  figures,  or  hj  pointing  them  off  into  groups 
hj  each,  point  or  mark  as  shall  not  be  confomided  with  the  deci- 
mal point.    We  then  find  the  next  lowest  square  of  the  first 
group,  which  we  set  under  that  group,  and  subtract  as  in  long 
diyision,  setting  the  quotient  in  the  usual  place  according  to  the 
mode  of  procedure  in  that  process.    We  next  double  the  quotient 
for  the  next  trial  divisor,  and  the  quotient  which  we  think  we 
shall  obtain  we  also  place  in  the  divisor,  of  which  it  forms  a  con- 
stitaent  part;  and  dividing  by  the  divisor  thus  increased,  we 
perform  the  division,  setting  the  quotient  in  the  usual  place  as  in 
long  division.    We  then  subtract,  and  for  the  next  trial  divisor 
we  use  the  first  term  of  the  last  divisor,  and  double  the  last  term 
of  the  quotient.    In  the  first  example,  consisting  of  five  figures, 
we  have  only  one  figure  in  the  first  group,  and  that  figure  is  1. 
Kow  the  square  root  of  1  is  1,  which  number  we  set  in  the  quo- 
tient, and  double  it  for  the  next  trial  divisor,  which  therefore 
becomes  2 ;  and  as  2  will  go  twice  in  5,  we  set  2  in  the  quotient, 
.and  also  add  it  to  the  trial  divisor  to  make  the  true  divisor ; 
and  so  on.    In  the  second  example,  the  first  group  consists  of 
the  figures  99,  the  nearest  square  to  which  is  81,  and  we  there- 
fore set  9  in  the  quotient,  and  put  twice  9,  or  18,  for  the  next 
trial  divisor,  and  we  see  that  the  number  to  be  added  thereto  to 
exhaust  the  dividend  must  be  large,  as  18  is  contained  10  times 
in  188.    The  number  to  be  added  to  the  trial  divisor  we  find  to 
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bo  9,  tmd  we  ast  it  in  the  quotient,  and  doable  it  to  add  to 
first  trial  divisor  to  form  tlio  second  trial  divisor;  and  so 
tJirough  all  tiie  terms,  bringing  down  at  each  stage  a  gronp  of 
two  flgurea,  instead  of  a  single  flgiu'e,  as  in  long  diviaion.  When 
there  is  a  remainder  after  all  the  fignres  have  l^een  brought  down, 
the  Boinber  is  not  a  complete  square,  and  its  exact  root  cannot 
he  found,  hut  it  may  he  approximated  to  by  Being  deoimala  ta 
cany  on  the  division  with  sufficient  nearness  for  all  tuofol  pius 


When  any  number  is  multiplied  twice  by  itself,  or,  what  is 
the  aamo  thing,  when  the  sqnare  of  a  nnmber  is  mnltiplied  by 
the  nnmber,  the  product  is  the  cube  of  the  number.  Thus 
2  X  2  X  2=8,  and  8  therefore  is  the  cube  of  2.  Also  i  is  the  square 
of  3,  and  4x2=8.  In  like  manner,  8x3x3=27,  and27iath» 
cube  of  3;  4x4x4=64,  and  64  is  the  cube  of  4;  ax.axa= 
and  a'  is  the  cube  of  a;  or  a^xa—a'.  The  cubes  of  the  H 
nine  nnmorals  are  ],  8,  3T,  64,  125,  216,  343,  B12,  and  T29,  and 
the  respective  differences  of  these  numbers  are  7,  19,  37,  61, 
12T,  IS9,  217,  271,  where  we  do  not  discern  any  law  of  inc 
But  if  we  take  the  respective  differences  of  these  last  numbers, 
we  obtain  the  nnmbera  12,  18,  24,  30,  3G,  42,  48,  54,  60,  i 
it  is  evident  that  the  addition  of  the  nnmber  6  to  eaeh  sucoeaglva 
term  prodocea  the  next  one. 

In  the  cubes  of  fractions  the  same  law  holds  as  in  the  oai 
of  the  sqnares  of  fractions.  Thns  as  the  square  of  -^  is  ^,  ao  IJ 
cube  of  }  is^.  So  also  ^  is  the  cube  of  1;  ^\  is  the  cnbeof  f 
and  W  ia  the  cube  of  }. 

In  the  case  of  the  cubes  of  mixed  numbers,  we  first  reducl 
those  mixed  numbers  to  an  improper  fraction,  and  then  oiib< 
them  as  above.  Thns  the  cube  of  1-J  is  the  aamo  as  the  oube  (rf 
J,  which  is  -V-  or  3f,  and  the  cube  of  SJ-  or  ^  "b  -sV,  or  SifJ. 

The  cube  of  a  6  is  o^  i',  whence  we  see  that  if  a  number  h 
factora,  we  may  find  ita  cube  by  multipijing  togetJier  the  onb 
of  the  factors.  Tbua  the  cube  of  12  ia  1728.  But  12  is  ooi 
posed  of  the  &ctorH  8  and  4;  and  the  oube  of  3  ia  27,  and  ti 
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eobe  of  4  is  64.  Hence  27x64=^1728  will  be  the  cube  of  12,  as 
by  mnltiplyiiig  12  by  itself  twice  it  is  fonnd  to  be.  The  cabe  of  a 
poBitiTe  number  will  always  be  podtiYe,  and  of  a  n^ative  num- 
ber, negative.  This  is  obvions  on  considering  that +ax +iix 
4.a=+a>,  and  that  — ax— a=+a^,  and  this  multiplied  again 
hf  —a  produces  —a'.  So  the  cube  of  —1  is  —1,  the  cube  of  —2 
k  —8,  the  cnbe  of  —8  is  —27,  and  so  of  all  negative  numbers. 

The  cube  root  of  a  number  is  expressed  by  the  sign  i^,  and  it 
is  easy  to  determine  the  cube  root  of  a  number  when  the  num- 
ber is  reaQy  a  cube.  Thus  we  see  at  once  that  the  cube  root  of 
I  is  1,  that  the  cube  root  of  8  is  2,  that  the  cube  root  of  27  is  8, 
Oat  the  cube  root  of  64  is  4,  and  that  the  cube  root  of  125  is  5. 
We  further  see  that  the  cube  root  of  ^  wiU  be  |,  of  {J  will  be 
4  and  of  2^,  or  ff ,  is  |^  or  1^,  But  if  the  proposed  number  be 
Bot  a  cube,  it  cannot  any  more  than  in  the  case  of  the  square 
nwt  be  expressed  accurately,  either  by  whole  or  fractional  num- 
ben^  though  an  approximate  expression  may  be  obtained  that 
viU  be  Bufficientiy  near  the  truth  for  all  useful  purposes.  For 
intance,  48  is  not  a  perfect  cube,  and  it  is  impossible  to  specify 
a^  number,  whether  whole  or  fractional,  which,  multiplied  by 
Hfleif  twice,  will  produce  43.  If  we  take  a  number  as  nearly  as 
we  can  to  that  which  we  suppose  the  cube  root  should  be,  and 
■inhiply  it  twice  by  itself  we  shall  at  once  see  whether  such 
trill  number  is  too  great  or  too  smalL  Thus  if  we  lix  upon  8  J 
cr }  as  the  trial  number,  then  we  find  that  the  cube  of  i  being 
^  or  42^,  the  number  will  err  in  defect,  42 J  being  -J  less  than 
tt.  By  taking  other  numbers,  we  may  approximate  still  more 

d  A^''^  to  the  true  root,  but  we  shall  never  be  able  to  express  it 
figures  precisely,  and — as  in  the  similar  case  in  the  doctrine 

•L'^^Wiquare  roots — such  quantities  are  termed  irrational  quantities. 


— M 


ON  POWEES  AND  BOOTS   IN  GKNEEAL. 

The  product  arising  from  multiplying  a  number  once  or  many 
i  by  itself  is  termed  a  power.  The  square  of  a  number  is 
les  called  its  second  power ;  the  cube  is  sometimes  called 
tod  power,  and  we  may  have  its  fourth  power,  its  fifth 
rer,  or  any  power  depending  on  the  number  of  the  multipli- 
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cations,  or  we  may  say  that  the  nmnber  has  been  raised  to  the 
second,  third,  fourth,  or  fifth  degree.  The  fourth  power  of  a 
nmnber  is  sometimes  called  its  hiquadratSy  but  after  this  degree 
powers  cease  to  haye  any  other  than  nmnerical  appellations. 

It  is  difficult  to  make  the  reason  or  processes  of  the  ordinary 
arithmetical  rule  for  the  extraction  of  tiie  cube  root  very  intelli- 
gible without  the  aid  of  Algebra,  of  the  processes  of  which  the 
rule  is  only  a  translation.  But  an  example  will  show  the  mode 
of  procedure. 

Let  us  suppose  that  we  had  to  extract  the  cube  root  of  the 
number  80,677,568,161. 


4800 
869 

5169 

80677568161(4821 
64 

128 

16677 
15507 

1292 

554700 
2584 

1170568 
1114568 

•  J 

557284 

t 

I 

12961 

55987200 
12961 

56000161 
56000161 

56000161 

Here  we  first  divide  the  number,  beginning  at  the  right  hand, 
into  groups  of  three  figures  in  each— just  as  in  extracting  the 
square  root  we  divide  the  number  into  groups  of  two  figures  in 
each.  In  the  last  of  the  groups  we  thus  form  there  happens,  in 
this  example,  to  be  only  two  figures,  and  sometimes  there  will 
be  only  one. 

We  now  consider  what  is  the  next  lower  cube  to  the  number 
80,  and  we  find  that  it  is  64,  which  is  the  cube  of  4.  We  set 
the  figure  4  in  the  quotient,  and  subtract  its  cube  64  from  80, 
which  leaves  a  remainder  of  16.  We  next  bring  down  the  fol- 
lowing period  677. 
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The  next  step  is  to  set  the  triple  of  the  first  figure  of  the  root 
(12)  at  some  distance  to  the  left  of  the  remainder.  (There  is  123 
in  the  snm,  bnt  the  8  will  be  accounted  for  presently.)  We  then 
multiply  this  triple  by  the  first  figure  of  the  root,  and  place  the 
product  48  between  the  12  and  the  remainder,  annexing  two 
dphers  to  it. 

"We  now  divide  the  remainder  by  this  4800,  as  a  trial  divisor, 
and  set  the  quotient  8  as  the  second  figure  in  the  root,  and  also 
after  the  12,  making  128.  We  next  multiply  this  128  by  8,  the 
second  figure  of  the  root,  set  the  product  869  under  the  4800, 
and  add  them  together.  The  resulting  sum,  5169,  is  the  first 
real  divisor.  We  next  multiply  the  divisor  by  the  second  figure 
of  the  root,  and  subtract  the  product  15607,  as  in  long  division, 
bringing  down  the  next  period  568. 

To  obtain  the  next  real  di^or  we  proceed  as  follows : — ^We 
firet  triple  the  last  figure  8,  of  123,  which  gives  129.  (There  is 
1292  put  down,  but  the  last  figure,  2,  will  be  accounted  for  pres- 
ently.) The  other  quantity,  5547,  is  found  by  adding  9,  the 
aqnare  of  the  second  figure  of  the  root,  to  the  two  preceding 
middle  lines,  369  and  5169.  We  now  add  two  ciphers  and  re- 
peat the  whole  process,  and  we  find  the  next  figure  of  the  root 
to  be  2,  which  is  the  2  added  to  the  129. 

In  the  case  of  decimals  occurring  in  any  number  of  which  we 
have  to  extract  the  cube  root,  the  distribution  of  the  figures  into 
groups  of  three  each  will  begin  at  the  decimal  point,  and  will 
proceed  to  the  left  for  integers,  and  to  the  right  for  fractions — 
adding  ciphers  where  necessary  to  make  up  the  required  number 
of  figures.    Thns  if  we  had  to  extract  the  cube  root  of  -01,  we 

might  write  the  number  ^OlO,  and  in  like  mooner  24*1  might  be 

written  24*100 

It  will  now  be  shown  that  to  add  the  exponents  of  numbers 
18  equivalent  to  multiplying  the  numbers. 

ON  EOOTS  AS  EEPEESENTED  BY  FEAOTIONAL  EXPONENTS. 

The  multiplication  or  division  of  numbers  is  indicated  by 
adding  or  subtracting  their  exponents,  and  as  2  may  be  written 
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as  2",  thon2^x2'=2',  since  i+J-1.  Am,  too,  the  third, 
fourth,  fifth,  &c,,  powers  of  a  numher  are  represented  hy  thtf 
expresgiona  2',  2',  2",  &c.,  so  the  third,  fourth,  fifth,  ice,  root( 
are  represented  hy  the  espresaiona  j[/2,  ^2,  ^,  &c.  The  sqnar* 
root  may  be  written  ^,  or  more  simply  -J.    Now  as  we  havf 


aSxjt- 


s  ^  X  ^  also  ^2,  it  follows  that 


2*^  ia  another  form  of  expression  for  -J2.    So  also  3^^  ^,  B*— 
if/2,  3°  —  ^;  and  so  of  all  other  roots  whatever.     Sinoe  alw 


2^ 


aU 


■,  it  Mows  that  2  '^  ia  the  same  85^2'.    Ia  IJfa 


-^'  and  3-'—^'. 
When  the  fraction  which  representa  the  esponent  e 
nnity,  it  may  either  he  expressed  in  tie  form  of  an  impropd 
fraction,  or  in  that  of  a  mixed  nnmber.  Tor  example,  the  froo 
tion  3*  may  he  ospreasod  in  the  form  2  *.  Bat  2  *  is  the  pro4 
net  of  3'  by  2',  and  it  may  be  written  in,  the  form  3  ^' 

ON   THE   QLABa   OF   FB40T10NAL  EXPONBHTfl  TEBMED   TfinABTTnVft 

Binee  the  square  root  of  a  given  nnmher  is  a  number  whos( 
square  is  eqnol  to  that  givea  nomhcr,  and  since  the  cnbe  root  of 
a  given  number  is  a  number  whose  cube  is  equal  to  that  give4 
nnmber,  and  so  of  all  roots  whatever,  it  followa  that  any  nnmbef 
whatever  being  given,  we  may  always  snppose  such  roots  of  i 
that,  raised  to  their  respective  powers,  they  shall  always  be  eqna 
to  the  pTen  number.  Since,  also,  powers  with  negative  expo 
nenta  are  fractions,  and  powers  with  positive  exponents  a 
whole  numbers,  and  as  al!  numbera  wliatever  may  be  e: 
by  whole  numbers  and  fractions,  it  ia  clear  thnt  if  we  take  u 
given  number,  such  as  10,  we  may  raise  it  to  such  a  power  eitha 
positive  or  negative  as  will  make  it  eqnai  to  any  number  what 
ever  that  we  may  think  proper  to  assign.  Thna  if  we  Hi  npt 
the  number  4,  it  is  certain  that  there  is  a  cei-tjun  power  of  tJ 
number  10,  which  is  equal  to  4  Or  if  we  fix  npon  the  numh 
40,  or  4T,  or  57,  or  881,  or  any  other  nimiber  whatever,  thai 
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there  will  be  some  power  or  other  of  16  that  will  be  equal  to 
those  seyeral  numbers.  Putting  h  for  this  unknown  exponent, 
then  10*—  381,  or  any  other  number  depending  on  the  value  of 
h  If  instead  of  10  we  write  the  letter  a,  and  instead  of  881,  or 
a  raised  to  the  power  h,  we  write  the  letter  c,  then  we  obtain 
the  expression  a  —  c.  Here  c  is  the  given  number,  a  is  the  root 
or  radixy  and  b  is  the  exponent  or  logaHthm  of  the  number  c 
with  the  radix  a.  The  radix  of  the  common  system  of  logarithms 
is  the  number  10,  and  the  logarithm  of  a  given  number  is  the 
power  to  which  10  must  be  raised  to  be  equal  to  that  given  num- 
her.  Every  number  whatever  has  its  corresponding  logarithm ; 
and  when  we  know  its  logarithm,  we  may,  instead  of  the  num- 
ber, use  the  logarithm,  with  this  conspicuous  advantage,  that 
when  we  have  to  multiply  two  numbers  together  we  shall  ac- 
complish that  end  by  adding  their  logarithms  to  obtain  a  new 
logarithm,  the  number  corresponding  to  which  will  be  the  cor- 
rect product  of  the  two  numbers ;  or  if  we  have  to  divide  one 
nnmber  by  another,  we  shall  accomplish  the  object  by  subtract- 
ing the  logarithm  of  the  one  from  that  of  the  other — the  differ- 
ence constituting  a  new  logarithm,  which  will  be  the  logarithm 
of  the  quotient.  This  quality  of  logarithms  is  apparent  when  we 
recollect  that  they  are  all  exponents  of  a  given  number  a,  and 
that  €^  X  a^—  a®,  or  that  a^  x  a^=  a^\  where  the  multiplication  is 
agnified  by  adding  the  exponents.  So  also  as  a^^^'^a%  a^^'— 
a®,  ff3X4,„^i3^  ^4X6,^^20^  ]^  foUows  that  to  multiply  a  logarithm 

by  8,  4,  5,  or  any  other  number,  is  equivalent  to  raising  the 
nnmber  to  the  third,  fourth,  fifth,  or  other  corresponding  power ; 
and  contrariwise,  to  divide  the  logarithm  by  3,  4,  5,  or  any  other 
number,  is  equivalent  to  the  extraction  of  the  third,  fourth,  fifth, 
or  any  other  root  of  the  number.  From  these  considerations  it 
will  be  at  once  apparent  that  by  the  use  of  logarithms  an  enor- 
mous amoxmt  of  labour  may  be  saved  in  performing  arithmetical 
compntations,  and  to  facilitate  such  computations  the  logarithms 
of  all  the  numbers  usually  occurring  in  calculations  have  been 
ascertained  and  arranged  in  tables,  so  as  to  facilitate  their  em- 
ployment. All  positive  numbers,  such  as  1,  2,  3,  4,  5,  &o.,  are 
logarithms  of  the  root  or  radix  a,  and  of  its  positive  powers,  and 
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are  oonseqaently  logarithms  of  numbers  greater  than  nnity.  On 
the  contrary,  the  negative  nmnbers  — 1,  — 2,  — 8,  —4,  — 5,  &o., 

are  the  logarithms  of  the  fractions — , — , — , — ,  &o.,  which  are 

a  c^  0^  a^ 

less  than  unity  and  greater  than  nothuig.  l^Tow  as  every  signifi- 
cant number  can  only  be  positive  or  negative,  and  as  the  loga- 
rithms of  numbers  greater  than  unity  are  positive,  and  the 
logarithms  of  numbers  less  than  unity  but  greater  than  nothing 
are  negative,  there  is  no  sign  left  to  express  numbers  less  than 
nothing,  or  negative  numbers,  and  we  must  therefore  conclude 
that  the  logarithms  of  negative  numbers  are  impossible. 

It  has  already  been  stated  that  in  the  logarithmic  tables  at 
present  in  common  use,  the  radix,  of  which  the  logarithmic  num- 
ber is  the  exponent,  is  10.  If  we  denote  this  radix  by  o^  then 
the  logarithm  of  any  number  c  is  the  exponent  to  which  we 
must  raise  the  radix  a  or  10,  in  order  that  the  power  result- 
ing from  it  may  be  equal  to  the  number  c.  If  we  denote  the 
logarithm  of  c  by  log.  c,  then  10i<«-«=c.  Now  as  a^=l  and 
(j*=a,  so  10°=1  and  10' =10.  But  as  the  exponents  are  the 
logarithms  of  the  numbers,  it  follows  that  the  logarithm  of  1  is 
0,  and  the  logarithm  of  10  is  1.  So  also  log.  100  or  10'=2 ;  log. 
1000  or  10^=3 ;  log.  10000  or  10*=4;  log.  100000  or  106=5,  and 
log.  1000000  or  10«=6.  In  like  manner  log.  y»y=  —  1 ;  log. 
TJir=  -2 ;  log.  yA^=  -3 ;  log.  tit J7nr=  -4 ;  log.  TTrTnnnr=^  —5 ; 
log.  T7nr^7nnr=  """^ »  ^^'^  so  on  indefinitely. 

Since  log.  1=0  and  log.  10=1,  it  is  plain  that  the  logarithms 
of  all  numbers  between  1  and  10  mast  be  less  than  unity  and 
greater  than  nothing.  Let  us  suppose  that  it  was  required  to 
determine  the  logarithm  of  the  number  2.  If  we  represent  this 
logarithm  by  the  letter  a?,  then  we  shall  have  this  expression 
10*=2.  In  order  to  determine  the  value  of  a;,  we  may  make  a 
few  approximate  suppositions.    K  we  suppose  « to  be  -I,  we  shall 

have  10*=2,  which  is  manifestly  too  great,  since  9*=3  and  10" 
must  therefore  be  more  than  3.    If  we  suppose  x  to  be  -J,  the 

quantity  will  stiU  be  too  great.  Forif  10*=2,  then  10^=2',  or 
10'  or  10=8,  which  shows  that  -^  is  too  much.    K  we  take  J  as 
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the  exponent,  then  wo  have  10*=2,  or  10^=2*,  or  10=16,  which 
shows  that  i  is  too  small,  while  i  is  too  great. 

Bj  pursuing  the  inyestigation  in  this  manner,  we  should  find 
with  any  required  degree  of  acooraoy  what  the  exponent  wonld 
be  that,  if  10  were  raised  to  that  power,  wonld  be  equal  to  2. 
This  exponent  or  logarithm,  as  it  is  termed,  would  in  point  of 
fiut  be  0*3010300,  or  a  little  less  than  -I,  and  in  the  logarithmic 
tables  in  common  use  the  logarithms  are  always  expressed  in 
decunal  fractions,  as  being  the  most  convenient  form  for  pur- 
poses of  computation.    The  value  of  this  decimal  expressed  in 
vulgar  fractions  is  ^j+T^^+T.^»^+y^J^+TTn3y^^+y^J^n„y+ 
TiudflflOfl'    Logarithmic  tables  are  commonly  computed  to  seven 
places  of  decimals,  as  decimals  carried  to  7  places,  though  not 
expressing  the  result  with  absolute  exactness,  will,  it  is  con- 
sidered, give  results  that  are  sufficiently  accurate  for  all  ordinary 
purposes.    According  to  this  method  of  expressing  logarithms, 
the  logarithm  of  1  will  be  0*0000000,  since  it  is  reaUy=0.    The 
logarithm  of  10  will  be  1*0000000,  smce  it  is=l.    The  logarithm 
of  100  will  be  written  2*0000000, =2,  and  so  on.    The  logarithms 
of  all  numbers  intervening  between  10  and  100,  and  conse- 
quentiy  composed  of  2  figures,  will  be  greater  than  1  and  less 
than  2,  and  are  expressed  by  1+  a  decimal  fraction.    Thus  log. 
60=1*6989700.    The  logarithms  of  numbers  between  100  and 
1000  are  expressed  by  2+  a  decimal  fraction;  the  logarithms 
of  numbers  between  1000  and  10,000  are  expressed  by  3+  a 
decimal  fraction.    The  logarithms  of  numbers  between  10,000 
and  100,000  are  expressed  by  4  and  a  decimal  fraction,  and  the 
number  prefixed  to  the  decimal  will  always  be  1  less  than  the 
number  of  figures  in  the  given  number.    Tlius  the  logarithm  of 
2290  is  3*8598355,  for  as  there  are  four  figures  in  2290,  the  num- 
ber prefixed  to  the  decimal  will  be  3.    The  number  prefixed  to 
the  decimal,  or  the  integral  part  of  the  logarithm,  is  termed  the 
charobcteriatic ;  and  when  a  number  consists  of  four  figures,  such 
as  the  number  2290,  its  characteristic  is  invariably  8.    If  the 
number  be  reduced  to  229,  its  characteristic  wiU  be  2 ;  if  reduced 
to  22  its  characteristic  will  be  1,  and  if  reduced  to  2  its  charac- 
teristic will  be  0.    There  are  therefore  two  parts  to  be  con- 
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ddered  in  a  logarithm :  first  the  characteristic,  which  we  can  at 
once  determine  when  we  know  the  nomber  of  figures  of  whioih 
the  given  number  consists;  and  second  the  decimal  fraction, 
which  is  determined  by  the  nature  of  those  figures.  So  also  we 
know,  at  the  first  sight  of  the  characteristic  of  a  logarithm,  what 
is  the  number  of  figures  composing  the  number  of  which  it  is 
the  logarithm.  K  for  example  the  logarithm  6*4771218  be  pre- 
sented, we  know  at  once  that  the  number  of  which  it  is  the 
logarithm  must  consist  of  7  figures,  and  must  be  oyer  1,000,000. 
The  integral  part  of  a  logarithm  therefore  being  so  easily  found, 
the  main  part  requiring  consideration  is  the  decimal  part,  and  it 
is  that  part  alone  which  is  given  in  the  logarithmic  tables  in 
common  use.  To  show  the  manner  of  using  these  tables,  we 
may  multiply  together  the  numbers  848  and  2401  by  the  aid  of 
logarithms.    Here — 

Log.    843=2-6862941  )    ,,  , 
Log.  2401=3'8808922  f  ^°°^ 

6*9166863  their  sum. 
Log.  823640=r6-9166847  nearest  tabular  log. 

16  difference. 

"We  look  in  the  table  of  logarithms  opposite  the  figures  848, 
and  we  find  the  number  6852941,  which  we  know  constitutes 
the  fractional  part  of  the  logarithm,  while  the  integral  part  will 
be  1  less  than  the  number  of  figures  in  848,  or  in  other  words 
the  integral  part  wiU  be  2.  In  like  manner  we  find  the  logarithm 
of  2401,  and  adding  these  logarithms  together,  we  find  their 
sum  to  be  5  •9156863.  We  then  look  in  the  table  to  find  the  next 
less  logarithm  to  this,  which  we  find  to  be  5*9156847.  We  see 
at  once  by  the  magnitude  of  the  characteristic  that  the  numbex 
of  which  this  is  the  logarithm  must  consist  of  six  figures,  and 
we  find  the  number  answering  to  this  logarithm  to  be  823540. 
The  difference  between  the  logarithm  formed  by  the  addition  of 
the  two  original  logarithms  and  its  next  lower  tabular  logarithm 
is  16,  and  in  the  tables  there  is  a  column  of  differences  intended 
to  fix  the  numerical  value  of  such  differences,  and  whicli  in  thif 
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case  would  amonnt  to  the  number  8.    With  this  correction  the 
product  of  S43  and  2401  will  become  823543. 

It  is  in  the  extraction  of  roots,  however,  that  logarithms  be- 
come of  the  most  eminent  service.  If,  for  instance,  we  had  to 
extract  the  square  root  of  10,  we  should  only  have  to  divide 
the  logarithm  of  10  which  is  1*0000000  by  2,  which  gives 
0*6000000  as  the  logarithm  of  the  root  required ;  and  by  refer- 
ring to  the  table  of  logarithms,  we  should  find  that  the  number 
answering  to  this  logarithm  was  3*16228,  which  consequentiy  is 
the  square  root  of  10.  So  also  if  we  had  to  extract  the  fifth 
root  of  2  we  should  divide  the  logarithm  of  2,  which  is  0*3010300, 
by  6,  which  gives  a  quotient  of  0*0602060,  the  number  answer- 
ing to  which  in  the  tables  is  1*1497,  which  consequentiy  is  the 
fifth  root  of  2. 

ON  THE  COMPUTATION   OF  OOMPOTJND  QUANTITIES. 

Hitherto  our  investigations  have  been  restricted  to  the  modes 
of  calculation  suited  to  the  measurement  of  simple  quantities ; 
bnt  many  of  the  quantities  with  which  we  have  to  deal  in  engi- 
neering practice  are  compoxmd  quantities  made  up  of  simple 
quantities  in  different  forms  of  combination,  and  it  is  now  neces- 
sary to  consider  the  mode  of  computing  the  values  of  these 
compoimd  quantities.  One  of  the  most  familiar  forms  of  a 
compound  quantity  is  a  sum  of  money  expressed  in  pounds, 
shillings,  and  pence,  or  in  other  coins  of  different  values.  An- 
other variety  is  a  given  weight  expressed  in  tons,  hxmdred- 
weights,  quarters,  and  pounds,  or  in  other  different  kinds  of 
weights.  If  we  wish  to  know  what  number  of  pence  there  is  in 
a  sum  of  money,  or  what  number  of  pounds  or  ounces  there  is  in 
a  given  weight,  the  operation  is  termed  reduction^  and  is  per- 
formed by  multiplying  the  given  quantity  by  the  number  which 
shows  how  many  of  the  next  lower  denomination  makes  one  of 
the  higher.  Thus  if  we  wish  to  know  how  many  pence  there 
are  in  37^.,  we  first  multiply  the  37Z.  by  20,  which  will  show  the 
number  of  shillings  there  are  in  37Z.,  for  as  there  are  20  shillings 
in  IZ.,  there  will  be  20  times  37  in  87Z.  Now  87x20=740 
3* 
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shillmgs,  and  as  there  are  12  pence  in  1  shilling,  there  will  be 
12  times  740=8880  pence  in  872.  K  the  som  were  872.  16«.  Sd. 
in  which  we  wished  to  find  the  nnmber  of  pence,  it  is  dear  that 
the  nnmber  of  pence  in  16s.  8d.  mnst  be  added  to  the  nnmber 
already  fonnd.  Kow  as  there  are  12  pence  in  1  shilling,  12 
times  16=192,  the  nxmiber  of  pence  in  16  shillings,  to  which,  if 
we  add  the  8  pence  remaining,  we  shall  have  200  pence  to  add 
to  the  8880,  or  in  other  words  we  shall  have  9080  pence  as  the 
answer.  So  if  we  wish  to  ascertain  the  number  of  pounds 
weight  in  3  tons,  we  have  first  to  ascertain  by  a  reference  to  a 
table  of  weights  how  many  poxmds  there  are  in  the  ton,  and 
which  we  shall  find  to  be  2240.  This  number  multiplied  by  3 
will  obviously  be  the  number  of  pounds  weight  contained  in  3 
tons.  But  if  the  weight  which  we  were  required  to  find  the 
number  of  pounds  in  were  3  tons  7cwt.  2  quarters  and  8  pounds, 
we  should  first  have  to  multiply  the  3  tons  by  20  to  reduce  them 
to  cwts.,  and  as  there  are  20  cwt.  in  the  ton,  3  tons  would  be 
60  cwt.  But  besides  these  we  have  7  cwt.  more,  so  that  we 
have  in  all  67  cwt.  Now  as  there  are  4  quarters  in  the  cwt., 
there  will  in  67  cwt.  be  4  times  67=268  quarters,  to  which  we 
have  to  add  the  two  quarters  of  the  original  sum,  making  in  all 
270  quarters  in  the  weight.  But  as  there  are  28  lbs.  in  1  quarter, 
there  will  be  28  times  270=7560  lbs. ;  and  as  there  are  8  pounds 
besides  to  be  added,  the  sum  total  of  the  weight  will  be  7568  lbs. 
So  if  we  wished  to  know  how  many  square  inches  there  were  in 
2i  square  feet,  it  is  plain  that  as  there  are  144  square  inches  in  the 
square  foot,  there  will  be  288  squai'e  inches  in  2  square  feet,  and 
36  square  inches  in  J  of  a  square  foot,  and  288  +  86=324  square 
inches.  In  performing  these  and  similar  operations  it  is  of  course 
necessary  to  have  access  to  proper  tables  of  weights  and  measures, 
or,  in  other  words,  to  certain  standard  magnitudes,  as  it  is  impossi- 
ble to  form  an  idea  of  any  magnitude  except  by  comparing  it 
with  some  other  magnitude,  such  as  a  pound,  a  foot,  or  a  gallon, 
of  which  we  have  a  definite  conception. 

On  the  addition  of  compound  quantities, — ^The  first  step  in 
performing  this  addition  is  to  set  the  quantities  to  be  added  un- 
der one  another,  so  that  terms  of  the  same  kind  may  be  in  the 
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same  colunm.  When  the  relation  between  the  different  quanti- 
ties is  known — as  it  is  in  all  cases  of  arithmetical  addition — we 
add  up  the  nnmbers  in  the  right-hand  oolnmn,  and  divide  by  the 
number  in  this  colmnn  which  makes  1  in  the  next  column.  We 
thiea  set  the  remainder,  if  any,  under  the  first  column,  and  carry 
the  quotient  to  be  added  to  the  next,  and  so  on  through  all  the 
ooknms.  Thus  in  adding  up  the  pounds,  shillings,  and  pence 
here  set  down  wo  proceed  as  follows : 

We  first  arrange  the  pounds,  shillings,  and  pence  in  three 
£  ^  T  columns,  with  the  units  under  the  units,  the  tens  un- 
13  6  8  der  the  tens,  and  so  on,  as  in  simple  addition.  We 
2  5  6  then  add  up  the  column  of  pence,  and  find  how  many 
87  8  10  P®^^  ^*  contains.  But  as  every  group  of  12  pence 
12  9  7  makes  1  shilling,  we  divide  the  total  number  of  pence 
0  18  4  by  12  to  find  how  many  of  such  groups  there  are,  or, 
39  2  6  ^  other  words,  how  many  shillings  there  are  in  the 
-  total  number  of  pence.    These  shillings  we  transfer 

to  the  shillings  column,  and  as  after  we  have  done  this  there  are 
6  pence  lefb,  we  write  the  6  beneath  the  pence  column,  and 
then  proceed  to  add  up  the  shillings,  beginning  with  the  number 
of  shillings  we  have  brought  from  the  pence  column.  Having 
thus  ascertained  the  total  number  of  shillings,  we  find  how 
nwny  pounds  there  are  in  that  number  of  shillings  by  dividing 
^J  20,  there  being  20  shillings  in  the  pound  sterling ;  and  after 
having  found  this  number  of  pounds,  we  carry  it  to  the  pounds 
cohmm,  and  the  2  shillings  which  we  find  remaining  we  write 
nnder  the  shillings  column.  We  then  proceed  to  add  the  pounds 
column,  beginning  with  the  number  of  pounds  in  shillings  which 
we  have  carried  from  the  shillings  column. 

In  adding  up  cwts.,  quarters,  and  pounds,  the  mode  of  pro- 
cedure is  precisely  the  same,  only  as  there  are  28  lbs.  in  1  quar- 
ter, 4  quarters  in  1  cwt.,  and  20  cwt.  in  1  ton,  the  divisors  we 
Qse  at  each  step  must  vary  correspondingly.  This  will  be  plain 
from  the  following  example : 

Here  we  find  the  sum  to  be  20  cwt.  3  qrs.  and  17  lbs.,  or  1 
ton  0  cwt.  3  qrs.  and  17  lbs. ;  for,  after  adding  the  first  colunm, 
and  dividing  the  sum  by  28,  we  have  17  left,  and  after  add- 


2     8 
6     2 

2     0 

18 

19 

0 

1  ton  0    8 

11 
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cwt  qr.  Ibfl.    u^  the  second  or  quarters  oolnmn  with  the 

8     8    12     addition  of  the  nmnber  of  quarters  in  lbs.  that 
5      1    24 

we  have  carried  over  from  the  lbs.  colnmn,  we 

divide  the  number  so  obtained  hj  four  to  obtain 
the  nmnber  of  cwts.  there  are  in  all  these  quar- 
ters. We  carry  the  cwt.  so  obtained  to  the 
cwts.  column,  and  write  beneath  the  quarters 
column  the  8  quarters  which  we  find  are  left  Proceeding  in 
the  same  way  with  the  cwts.  column,  we  find  its  sum  to  be  20 
cwts.  or  1  ton ;  and  the  total  quantity  to  be  1  ton  0  cwt.  8  qrs.  17 
lbs.,  as  stated  above. 

Subl/racUon  of  compound  qucmUUes. — ^When  we  wish  to 
subtract  one  compound  quantity  from  another,  we  write  the  less 
under  the  greater,  so  that  the  terms  of  the  same  kind  may  be  in 
the  same  column,  as  in  the  case  of  addition.  We  then  subtract 
the  right-hand  term  of  the  lower  line  from  that  of  the  upper,  if 
possible.  But  if  this  cannot  be  done,  we  must  transform  a  xmit 
of  the  next  higher  term  into  its  equivalent  number  of  units  of 
the  first  term,  and  then  performing  the  subtraction,  we  write 
the  difference  under  the  first  column,  and  we  increase  by  1  the 
next  term  to  be  subtracted  to  compensate  for  the  unit  previously 
borrowed.  In  algebra,  the  usual  process  of  subtraction  is  to 
change  the  signs  of  the  lower  line,  and  then  to  proceed  as  in 
addition. 

K  we  had  to  take  27?.  8«.  4^.  from  84Z.  Vis.  9J^.,  we  should 
write  down  the  greater  sum  first  and  the  less  under  it,  so  that 
£84  17  9f  pounds  should  fall  under  pounds,  shillings  under 
£27  8  4i  shillings,  and  pence  under  pence.  Taking  \d.  from 
""Zj  ^  TT  V"  "^Q  ^ave  yt,  over,  which  we  write  down,  and 
=  then  taking  4d,  from  9dJ.  we  have  bd,  over,  which 
we  also  write  below  the  column  of  pence.  Next  taking  8«. 
from  17«.  we  have  9«.  left,  and  taking  7?.  from  14?.  we  have  7?., 
and  carrying  1  to  the  2  appearing  in  the  next  place  we  have  8 
from  8,  which  leaves  nothing.  The  difference,  therefore,  be- 
tween 84?.  17«.  9J<?.  and  27?.  8«.  ^d,  is  7?.  9«.  b^.  If  we  had  to 
subtract  22?.  18«.  llji?.  from  28^.  6.  Oj^.,  we  should  proceed 
thus: — 
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£28  6  Oi  ^ere  taking  id,  from  ^.  we  haye  to  borrow 
£22  18  llf  Id,  or  4  fjorthings  from  the  next  term,  and  we  have 
"—  r  ~"  then  6  fSarthings  to  be  subtracted  from,  and  id, 
subtracted  from  id,  leaves  id.    In  the  next  term 


we  have  lld^.,  which  must  be  increased  to  12d.  on  account  of 
the  penny  before  borrowed;  and  as  we  have  no  pence  to  sub- 
tract from  we  must  borrow  Is,  from  the  next  term,  and  change 
it  into  12  pence,  and  12  pence  taken  from  12  pence  leaves  noth- 
ing. In  the  next  term  of  shillings  we  have  18,  which  must  be 
increased  to  19  in  consequence  of  the  previous  borrowing  of  Is, 
to  cany  to  the  column  of  pence,  and  19s,  taken  from  11,  6«.  or 
26«.  leaves  7s,  In  the  next  term  the  2  has  to  be  increased  to  3 
to  make  up  for  the  11.  imported  into  the  column  of  shillings, 
and  28  taken  from  23  leaves  nothing.  The  difference  between 
these  two  sums  is  consequently  7s,  Oid, 

If  we  have  to  take  6  tons  12  cwt.  8  qrs.  27i  lbs.  from  98 
tons  8  cwt.  1  qr.  6  lbs.,  we  proceed  as  follows : 
toDs  ewt  qr.  lbs.  ^^TQ  J-  lb.  taken  from  1  lb.  leaves  J  lb.,  and 

93    8    1    6      28  lbs.  taken  from  1  qr.  and  6  lbs.  or  34  lbs., 
S  12    8  2li     leaves  6  lbs.    Then  4  qrs.^taken  from  1  cwt.  and 

87  16    1    6i     1  qr.  or  5  qrs.  leaves  1  qr. ;  and  13  cwt.  taken 
======    ffom  1  ton  and  8  cwt.  or  28  cwt.  leaves  16  cwt. 

Lastly,  6  tons  taken  from  93  tons  leaves  87  tons. 

If  we  wish  to  subtract  6—2+4  from  9—3+2,  we  may  either 
perform  the  subtraction  by  first  adding  the  quantities  together, 
and  (hen  subtracting  the  sum  of  the  one  from  that  of  the  other, 
or  we  may  change  the  signs  of  the  quantity  to  be  subtracted, 
and  then  add  all  together,  which  will  give  the  same  result. 
Thus6— 2  — 4,  and  4+4— 8.  So  also  9—3  =  6,  and  6+2  =  8. 
Subtracting  now  one  sum  from  the  other,  we  get  8—8  =  0. 
But  if  we  change  the  signs  of  6—2+4,  and  add  it  to  9—3+2, 
we  have  9—3+2—6+2—4=0. 

Multiplication  of  compound  quantities. — "When  we  wish  to 
perform  the  multiplication  of  any  compound  number,  such  as 
pounds,  shillings,  or  pence,  or  hundredweights,  quarters,  and 
pounds,  we  set  the  multiplier  under  the  right-hand  term  of  the 
multiplicand,  multiply  that  term  by  it,  and  find  what  number 
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of  times  one  of  the  next  higher  term  is  contained  in  the  prod- 
net,  which  number  is  to  be  carried  to  the  next  term,  while  the 
remainder,  if  any,  is  to  be  written  mider  the  right  hand  or  low- 
est term.  We  must  then  multiply  the  next  tenn  in  like  man- 
ner, and  so  nntil  the  whole  have  been  multiplied.  Thus  if  we 
had  to  multiply  2SL  13«.  5d,  by  4^  we  should  proceed  as  follows : 

Here  we  first  multiply  the  pence,  and  4  times  6 
4    pence  is  20  pence,  which  is  Is,  8d, ;  and  so  we  put 


down  8  and  carry  1.    In  the  shillings  term  we  say 

^^^  1^  8  4  times  8  are  12,  and  with  the  addition  of  the  1 
shilling  brought  over  from  the  pence  term,  the  12 
becomes  18.  Then  4  times  10  is  40  shillings,  which  make  just  2 
pounds,  so  we  carry  the  2  pounds  to  the  pounds  place,  leaving 
the  18  previously  obtained  in  the  shillings  place.  Proceeding  to 
the  pounds,  we  say  4  times  8  are  12  and  2  are  14^  and  4  times  2 
are  8  and  1  are  9.  Hence  the  product  is  941.  ISs.  8d,,  which 
sum  would  also  be  obtained  by  writing  down  282.  18«.  6d.  four 
times  under  one  another,  and  ascertaining  their  sum  by  addi- 
tion. 

When  the  multiplier  is  large,  but  is  composed  of  two  or  more 
factors,  we  may,  instead  of  multiplying  by  the  number,  multiply 
successively  by  its  factors.  Thus  if  we  have  such  a  sum  as 
£28  lis,  4}<Z.  to  multiply  by  86,  then  as  86  is  a  number  repre- 
sented by  the  factors  6  x  6,  4  x  9  or  8  x  12,  we  shall  obtain 
the  same  result  by  multiplying  by  any  set  of  these  fectors  as  by 
multiplying  by  the  86  direct.    Thus — 


£23  11  4i 
6 

£28  11 

4} 
4 

£23  11  4  j 
3 

141  8  4i 
6 

94  5 

1 
9 

'70  14  2i 
12 

£848  10  3 

£848  10 

8 

£848  10  8 

In  like  manner  if  we  had  to  multiply  the  sum  £17  8«.  oyL 
by  140,  then  as  140  is  made  up  of  the  factors  7  x  20,  or 
4  X  5  X  7,  we  may  multiply  by  these  numbers  instead  of  the 


I 


£11 

8 

oi 

4 

68  12 

2 
5 

848 

0  10 

1 

£2401 

6 

10 
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140.  In  oases  however  in  which  the  mnltiplier 
cannot  he  hroken  up  into  £Etctors,  we  most  mnl- 
tiply  each  term  hy  it  consecutively.  Thns  if 
£28  Us.  4j<?.  he  multiplied  hy  87,  we  have  first 
8  £Eurtiiings  multiplied  by  37,  which  gives  111 
farthiags  or  27  pence  and  3  farthings.  Writing 
down  the  8  fiEuiihings  and  carrying  the  27  pence, 
we  have  87  times  4  pence  or  148  pence,  and  add- 
ing the  27  pence  we  have  175  pence,  which  as 
there  are  12  pence  in  the  shilliDg  we  divide  by  12  and  get  14 
BhiDings  and  7  pence.  We  set  down  the  7  in  the  pence  place 
and  carry  the  14  to  the  shillings  place,  and  we  thus  proceed 
through  all  the  terms  until  the  multiplication  is  completed.  The 
same  mode  of  procedure  is  adopted  i^  instead  of  pounds,  shil- 
lings, and  pence,  we  have  hundredweights,  quarters,  and  poxmds 
or  any  other  quantities  whatever. 

IHmion  ofwm/pownd  qucmUties, — ^In  the  arithmetical  divi- 
sion of  compound  quantities,  we  set  the  divisor  in  a  loop  to  the 
left  of  the  dividend  and  divide  the  left-hand  term  hy  it,  setting 
the  quotient  under  that  term.  If  there  is  any  remainder  we  re- 
duce it  to  the  next  lower  denomination,  adding  to  it  that  term, 
if  any,  of  the  dividend  which  is  of  this  lower  denomination. 
We  then  divide  the  result  hy  the  divisor  and  so  on,  until  aU  the 
terms  have  been  divided.  Thus  if  we  had  to  divide  £38  6«.  S^d, 
by  3,  we  should  proceed  as  follows ; — 

£  g    ^  Here  we  find  that  3  is  contained  in  3  once,  and  in 

8)38  6  Si  8, 2  times  and  2  over.  But  2  pounds  are  40  shillings, 
— ~T  and  6  are  46  shillings,  and  46  divided  by  3  gives  15 
and  1  over,  which  1  shilling  is  equal  to  12  pence, 
and  adding  to  this  the  8  pence  in  the  dividend,  we  have  20  pence 
to  be  divided  by  3.  Now  20  divided  by  3  gives  6  and  2  over, 
which  2  pence  are  8  farthings,  and  adding  thereto  the  1  farthing 
in  the  dividend,  we  have  9  farthings  to  divide  by  3,  or  3  far- 
things. It  is  clear  that  £12  15«.  Q^d,  multiplied  by  3  will  again 
give  the  £38  6«.  S^d,  of  the  dividend. 

If  we  have  to  divide  a  number  by  10,  we  may  accomplish  the 
division  by  pointing  off  one  figure  as  a  decimal,  if  by  100  we  point 
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off  two  figures,  if  by  1000  three  figures,  and  so  on.    Thus  if  we 
have  to  diyide  £2315  149.  7d.  by  100,  we  may  proceed  as  follows: 

Here  we  point  off  two  figures  of  the  highest 
28*16  14  i    ^^^'^  ^  decimals,  which  leaves  £28.   We  next  mnl- 

20  tiply  the  residual  decimal  by  20  to  reduce  it  to 

"TTT  shillings,  bringing  down  the  14  shillings  in  the 

12  dividend,  and  we  obtain  8  shillings  and  *14  of  a 

-j—  shilling,  which  fraction  we  multiply  by  12  to  bring 

4  it  to  pence,  and  we  bring  down  thereto,  the  7  pence 

-^  in  the  dividend.   We  obtain  as  a  product  1-76  penoe^ 

and  multiplying  in  hke  manner  *74  by  4  to  bring  it  to 

farthings,  we  obtain  8  fSarthings,  maJdng  the  total  quotient  £28 

B8.  lid.    This  sum  multiplied  by  100  will  make  £2815  14«.  *ri. 

When  the  divisor  is  large  but  may  be  broken  up  into  factors,  we 

may  divide  separately  by  those  factors.   Thus  if  we  wish  to  diridA 

£8T62  8«.  Qd.  by  24,  then  as24— 4x6or8x8or2xl2,we 

may  divide  the  sum  by  any  pair  of  factors  instead  of  by  the  24 

£        i,  d.  £       s,  d.  £        s.   d, 

4)3762    3     6  8)3762    3     6  2)8762    8    6 

6)940  10  10^  8)1264     1     2  12)1881     1     9 

^^■^^■^■"^^■^^^^i^"^^^^  ^^^^^IMH^^^^^^^HMBMBB^  «V^H^-^HMa^H^^H^^^lHiBM* 

£156  15     1|  £156  15     If  £156  16     1} 


When  the  number  cannot  be  broken  up  into  fSactors  we  must 
proceed  by  the  method  of  long  division.  Thus  if  we  had  to 
divide  £3715  18«.  9d,  by  47  we  should  proceed  as  follows: — 

£      8.   d.  Here  we  find  first  how  often  47  wiB 

^^^329^  ^^  ^^^^  ^   ^    goin371,aQdwefinditwmbe7timefl, 

when  we  write  the  7  in  the  quotient  an^ 

Ante 

*23  multiply  the  divisor  by  it,  setting  th© 

—  product  under  the  first  three  figures  of 

^  the  dividend.    Subtracting  now  the  88^ 
from  the  371,  we  find  that  the  remainder 

58(1  is  42,  and  we  bring  down  the  next  figure 
of  the  dividend  and  find  how  often  47  i# 

11  contained  in  425.    We  find  that  it  k  9 

_3_  times,  which  completes  the  division  of 

141(3  the  pounds.     The  2  pounds  remainlDf 

^^^  we  next  multiply  by  20  to  bring  them  ti 
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shillings,  adding  the  18  shillings  of  the  dividend,  which  together 
make  58  shillings,  the  47th  part  of  which  is  1  shilling  and  ^ths 
OTer.  Mnltipljing  this  hj  12  to  hring  it  to  pence,  and  dividing 
by  47,  we  get  3  pence,  which  completes  the  operation. 

In  cases  where  we  have  to  divide  a  compound  quantity  by 
another  of  the  same  kind,  snch  as  money  by  money  or  weights 
by  weights,  the  requirement  is  equivalent  to  that  of  finding 
what  number  of  times  the  one  amount  is  comprehended  in  the 
other.    "We  cannot  of  course  divide  a  quantity  by  another  of  a 
different  kind,  as  money  by  weight,  nor  can  we  multiply  money 
by  money  or  weight  by  weight.    If  we  are  required  to  divide 
BQch  a  sum  as  £3  7tf.  ^d,  by  16«.  lOi^.,  we  reduce  both  the  num- 
bers to  the  lovrest  denomination  appearing  in  either,  which  in 
this  case  is  half  pence,  and  we  then  divide  the  greater  number 
by  the  less.    Now  £3  7«.  6(?.  — 1620  half  pence  and  16«.  lO^d. 
-406  half  pence,  and  1620  -4-  405  —4.    So  if  we  had  to  divide 
8  tons  2  owt.  2  qrs.  21  lbs.  by  2  qrs.  7  lbs.,  then  as  the  first 
ttnoimt  is  equal  to  6993  lbs.  and  the  second  to  63,  the  question 
Womes  one  of  dividing  6993  by  63,  which  we  find  gives  111. 
It  follows  consequently  that  2  qrs.  7  lbs.  multiplied  by  111  —3 
tons  2  cwf.  1  qr.  21  lbs. 

As  a  square  foot  contains  144  square  inches,  we  must,  in  as- 
certaining the  number  of  square  feet  in  any  given  number  of 
square  inches,  divide  by  the  number  144,  and  as  a  cubic  foot 
contains  1728  cubic  inches,  we  must,  in  ascertaining  what  nmn- 
ber  of  cubic  feet  there  are  in  any  number  of  cubic  inches,  divide 
by  the  number  1728.    So  also  there  are  nine  square  feet  in  a 
square  yard,  and  27  cubic  feet  in  a  cubic  yard.    A  cubic  foot 
contains  uery  nearly  2200  cylindric  inches  or  solid  cylinders  1 
inch  in  diameter  and  1  inch  high ;  3300  spherical  inches  or  balls 
1  inch  diameter ;  and  6600  conical  inches  or  cones  1  inch  diam- 
eter and  1  inch  high. 

ON  THE  EESOLUnON  OF  FEACTI0N8  INTO  INFINITE  SEEIES. 

We  have  already  explained  that  in  decimal  fractions  the  de- 
orease  at  every  successive  figure  is  ten  times,  just  as  in  common 
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numbers  the  increase  at  every  snccesEdve  number  is  ten  times. 
Thus  the  number  666  means  600  +  60  +  6,  so  that  the  first 
figure  by  virtue  of  its  position  alone  is  ten  times  greater  than 
the  second,  and  the  second  by  virtue  of  its  position  alone  is  ten 
times  greater  than  the  third.  Precisely  the  same  law  holds 
when  we  descend  below  unity,  as  we  do  in  every  case  in  which 
the  decimal  point  is  introduced,  as  the  meaning  of  the  decimal 
point  is,  that  all  the  numbers  to  the  right  of  it  are  less  than 
unity,  and  that  they  diminish  ten  times  at  each  succesdve  figure, 
just  as  ordinary  numbers  do.  The  expression  666*666  therefore 
means  six  hundred  and  sixty-six  with  the  addition  of  6  tenths^ 
six  hundredths,  and  six  thousandths,  or,  what  is  the  same  thing, 
of  666  thousandths.  The  expression  might  therefore  be  written 
666+^+TJff+y/inr  or  666^-^/^.  Every  decunal  firaction  may 
consequen^y  be  considered  as  a  vulgar  fraction,  with  a  denom- 
inator of  10  or  100  or  1000  understood,  according  to  the  x>08ition 
of  the  decimaL  Thus  '1  is  equivalent  to  ^,  *01  is  equivalent 
to  yJtj^,  and  '001  is  equivalent  to  tAtt*  ^ow  the  fraction  ^  is  1 
divided  by  3,  and  if  we  perform  the  division  we  shall  have 

3)1-00000 
•83333,  &c., 

and  so  on  to  infinity.  The  vulgar  fraction  i  is  consequently 
equal  to  the  infinite  series  *S3833,  t&c,  which,  at  each  successive 
term  to  which  it  is  carried,  becomes  more  nearly  equal  to  the 
fraction  of  i,  but  never  becomes  exactly  equal  thereto.  Any 
vulgar  fraction  may  be  at  once  converted  into  its  equivalent 
decimal  by  dividing  the  numerator  by  the  denominator,  adding 
as  many  ciphers  to  the  numerator  as  may  be  necessary  to  enable 
the  division  to  be  carried  on.  But  some  of  the  divisions  thus 
performed,  it  will  be  found,  may  be  carried  on  for  ever,  and  such 
a  series  of  numbers  is  termed  an  infinite  series.  As  a  visible 
exemplification  of  the  continual  approach  of  two  quantities  to 
one  another  without  ever  becoming  equal,  we  may  take  the  fol- 
lowing example : 

Here  we  have  a  Kne  a  b  which  we  may  divide  into  any  num- 
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btr  <^  eqnal  p&rts,  and  ve  drair  the  line  a  c  at  right  angles 
•iOiAB;  at  owe  draw  another  short  line  oo  parallel  to  a  b,  and 
ire  Bet  off  the  diatanoe  on  eqnal  to  a1.  If  now  we  draw  the 
Agonal  line  la  we  Bhall  cat  off  the  half  of  a  c,  or  shall  bisect 
it  in  the  poiDt  x,  and  h7  drawing  the  lines  2a,  So,  4a,  Go,  &o., 


we  out  off  snooesfflve  portions  of  xo,  and  therefore  coatinuallr 
dUnish  it.  Bnt  we  never  can  ont  it  all  o^  howOTer  extended 
ve  maf  make  the  line  a  b,  and  however  nnmerons  the  addi- 
tional portions  cut  off  may  be.  The  qoontdtT'  zo  becomes  more 
and  more  near!  j  equal  to  xx,  the  greater  the  length  of  tJie  line 
A  B,  and  the  more  nnmerona  the  fractional  qnantitiea  successively 
cut  off.  But  no  eztenfdon  of  the  operation  short  of  infinity 
codM  make  the  portions  cat  off  from  xo  eqnal  to  ika. 


ARITHMEnCAL  EXAMPLES. 

Having  now  illustrated  with  adequate  fulness  of  detiul  the 
elementary  prindples  of  engineering  arittunetic,  it  is  only  neces- 
sary that  we  shoold  add  some  examples  of  the  method  of  per- 
forming aaoh  computations  as  are  most  likely  to  he  required  in 
practice. 

REDUtrnoN. — This  is  the  name  given  to  the  process  of  con- 
verting a  quantity  expressed  in  one  denomiaatjon  into  an  equiv- 
alent quantity  expressed  in  another  denomination,  such  as  tons 
eipreesed  in  ounces,  or  miles  in  yards. 

Example  1. — Reduce  lOt  1g.  OJA  to  farthings. 
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16    7    01  HerewefirBtranltiplythepoimdsbySOjthera 

_^  being  20  shillings  in  the  poirnd,  and  ve  bring 

307t.  down  the  T  ahillings,  making  807  shillings. 

12  then  multiply  tho  ehillingB  by  13,  there  being 

-—  12  pecDO  in  the  shilling,  and  here  we  tova  no 

4  '  ponce  to  bring  down.     Finally,  we  multiply  by     ' 

i,  there  being  4  fiirthingB  in  each  penny,  and 

14738^.  Aim.     ^^  hrine  down  the  3  farthings,  makiiig  14,733 
farthings  in  all. 

Example  2. — Eednce  23  tons  to  ponnda  aToirdnpds. 

By  a  reference  to  a  table  of  weights  and  measures,  we  &id 
that  there  are  2,240  pounda  in  the  ton ;  S3  times  2,240,  there- 
fore, or  61,630  lbs.,  is  the  answer  required. 

Example  3.— Eednce  100  sqnare  yards  to  sijuars  i 
Here,  as  each  square  yard  contains  9  square  feet,  and  each  eqaan 
foot  144  square  inches,  there  wiU  be  9  times  114  or  1,296  sqimre 
inches  in  each  square  yard,  and  100  times  this,  or  129,600  square 
inchea,  in  100  square  jards.  It  may  be  well  here  to  remark  tbtt 
100  square  yards  is  a  very  diiferent  quantity  from  100  j/ivrii 
square,  which  would,  in  fact,  contain  an  area  of  10,000  square 
yards. 

Example  i. — Reduce  T  cubic  yards,  30  cnbic  feet,  to  onlniO 
inches.  As  there  are  27  cnbic  feet  in  a  cubio  yard,  there  wOl 
be  27  times  7,  or  189  cubic  feet  in  7  cubic  yards,  to  which  add- 
ing 20,  we  have  309  cubic  feet  in  all;  and  as  there  a 
cubic  inches  in  a  cubic  foot,  we  haye  1,728  times  203,  or  861,103 
onbic  inches  as  the  answer  required. 

Quantities  are  brought  to  a  higher  denomination  by  the  re-  < 
verse  of  the  process  indicated  above,  that  is,  by  dividing,  instead- 
of  mnltiplying.  Thus,  by  dividing  by  4,  12,  and  20,  it  will  bB 
found  that  14,730  farthings  are  equal  to  151.  7«.  Ofrf. ;  by  divifl* 
ing  51,520  lbs.  by  2,240,  that  the  quotient  is  equal  to  £3  tons; 
and  by  dividiag  129,(100  square  inches  by  144,  and  then  by  9^ 
that  the  result  ia  100  square  yards.  So  also  by  dividing  ^ 
1,728,  it  will  be  found  that  381,152  cubic  inches  are  equal  li 
209  eubio  feet,  and  dividing  again  by  27,  we  find  the  answer  It 
be  7  cubic  yards  and  20  cubic  feet 
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MBNBUBAnoiir  OF  SiiBFAOES  AisTD  SouDs. — The  area  of  a  reo- 
tangolar  snrfiEUse  is  obtamed  hj  multiplying  the  length  by  the 
breadth.    The  area  of  a  oirde  in  circular  inches  is  obtained  by 
multiplying  the  diameter  by  itself;  and  the  area  of  a  circle  in 
square  inches  is  obtamed  by  multiplying  the  diameter  by  itself 
and  by  the  decimal  *7854.    The  oircmnference  of  a  circle  is 
S*1416  times  its  diameter.    The  capacity  of  a  rectangular  solid 
is  obtained  by  multiplying  together  its  length,  depth,  and  thick- 
ness; and  the  capacity  of  a  cylinder  in  cubic  feet  or  inches  is 
obtained  by  multiplying  the  area  of  its  cross  section  or  mouth, 
expressed  in  square  feet  or  inches,  by  its  depth  in  feet  or  inches. 
Example  1. — ^What  is  the  quantity  of  felt  required  to  cover 
the  side  of  a  miarine  boiler  that  is  17  feet  8  inches  long,  and  8 
yaidshigh? 

Here  we  first  reduce  the  measurements  to  inches,  and  as  17 
ft.  8  in.  is  equal  to  212  Inches,  and  as  3  yards  or  9  feet  is  equal 
to  108  inches,  we  have  an  area  represented  by  212  multiplied 
by  108  inches,  or  22,896  square  inches.  Kow,  as  there  are  144 
sqiare  inches  in  each  square  foot,  we  shall,  by  dividing  22,896 
by  144^  find  that  the  area  is  159  square  feet,  and  dividing  this 
by  9  to  bring  the  quantity  into  square  yards,  we  find  that  the 
swa  is  17  square  yards  and  6  square  feet  over. 

Since  the  area  is  obtained  by  multiplying  the  length  by  the 
breadth,  it  will  follow  that  if  we  divide  the  area  by  the  length 
we  shall  get  the  breadth,  and  if  we  divide  the  area  by  the 
breadth  we  shall  get  the  length. 

Example  2. — What  is  the  weight  required  to  be  placed  on 
top  of  a  safety-valve  4  inches  diameter,  to  keep  it  down  until 
the  steam  attains  a  pressure  of  20  lbs.  on  each  square  inch  ? 

Here  4x4—16  circular  inches,  and  16  x -7854=- 12*566 
square  inches,  which  x  20  the  pressure  on  each  square  inch  =- 
261-82  lbs. 

Example  2. — ^The  engine  of  the  steamer  'Arrogant'  is  a 
trunk  engine,  in  which  the  piston  rod  is  widened  into  a  hollow 
trunk  or  pipe  24  inches  diameter,  which  correspondingly  re- 
duces the  eflfective  area  of  the  piston.  As  the  cylinder  is  60 
inches  diameter,  reduced  by  a  circle  24  inches  diameter,  what 
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will  be  the  diameter  of  a  common  cylinder  to  liave  an  equal 
area? 

Here  60»  x  '7854  —  2827*44  square  inches,  and  24*  x  '7854— 
452*89  sqnare  inches,  and  2827*44  diminished  by  452*89  —  2875*05 
sqnare  inches.  This  is  as  nearly  as  possible  the  area  of  a  cylin- 
der 55  inches  in  diameter,  which  is  2875*88  sqnare  incheai 

IfxampleB, — ^The  steamer  ^ Black  Prince'  has  two  direct- 
acting  tmnk  engines,  with  cylinders  equal  to  104^  inches  diam- 
eter, and  the  length  of  the  stroke  is  4  feet.  The  en^es  make 
55  revolutions  per  minnte.  What  will  be  the  number  of  onl^ 
feet  of  steam  required  per  hour  to  fill  the  cylinder? 

Here  the  diameter  being  104^  inches,  the  area  of  each  (^lin- 
der  will  be  *7854  times  104}  squared,  or  it  will  be  8885*7  square 
inches,  or  61*8  square  feet.  As  the  piston  travels  backwards 
and  forwards  at  each  revolution,  it  will  pass  through  8  feet  dur- 
ing each  revolution ;  and  the  volume  of  steam  required  by  each 
cylinder  in  each  revolution  will  be  8  times  61*8,  or  490*4  oul^ 
feet.  As  there  are  two  engines,  the  total  volume  of  steam  re- 
quired in  each  revolution  will  be  twice  490*4^  or  it  will  be  980*8 
cubic  feet ;  and  as  there  are  55  strokes  in  each  minute,  the 
expenditure  per  minute  will  be  55  times  980*8,  or  58,944  cubic 
feet.  The  expenditure  per  hour  will,  of  course,  be  60  times 
this,  or  8,236,640  cubic  feet.  In  all  modem  engines  the  steam 
is  not  allowed  to  enter  the  cylinder  from  the  boiler  during  the 
whole  stroke;  and  the  expenditure  of  steam  will  be  less  the 
sooner  it  is  cut  off  or  prevented  from  entering  the  cylinder. 
But  the  cylinder,  nevertheless,  will  still  be  filled  with  steam, 
though  of  a  less  tension,  than  if  the  supply  from  the  boiler  had 
not  been  interrupted ;  and  the  space  traversed  by  the  piston  will 
always  be  a  correct  measure  of  the  steam  consumed,  taking  that 
steam  at  the  pressure  it  has  at  the  end  of  the  stroke. 

Example  4. — ^The  *  Black  Prince '  has  an  area  of  immersed 
midship  section  of  1,270  square  feet ;  or,  in  other  words,  if  the 
vessel  were  cut  across  in  the  middle,  the  area  of  that  part  below 
the  water  would  be  1,270  square  feet.  The  diameter  of  the 
screw  is  24  feet  6  inches,  the  nominal  power  is  1,250,  and  the 
indicated  power  5,772  horses.    What  is  the  ratio,  or  proportion, 
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of  the  area  of  midship  section  to  the  area  of  the  cirde  in  which 
the  screw  revolves  ?  and  what  is  the  ratio  of  the  immersed  mid< 
ship  section  to  the  indicated  power? 

Here  the  diameter  of  the  screw  heing  24)^  feet,  the  area  of 

the  circle  in  which  it  revolves  will  he  471*486  square  feet,  and 

1,270  divided  by  471*486  being  2-69,  it  foUows  that  the  ratio  of 

immersed  midship  section  to  screw's  disc  is  2*69  to  1.    So,  in 

Hke  maimer,  the  indicated  power  5,772,  divided  by  1,250,  gives 

a  ratio  of  indicated  power  to  immersed  midship  section  of  4*54 

to  1.    With  these  proportions  the  speed  was  at  the  rate  of  nearly 

15  knots  x>er  honr,  so  that  to  ensure  such  a  speed  in  a  vessel 

like  the  'Black  Prince,'  it  is  necessary  that  there  should  be  4} 

or  5  indicated  horse-power  for  each  square  foot  of  immersed 

nddflhip  section  of  the  hull. 

Baaample  5. — ^If  it  were  desired  to  encircle  the  screw  of  the 
*  Black  Prince'  with  a  sheet-iron  hoop,  what  length  of  hoop 
would  be  required  for  the  purpose  ? 

The  diameter  of  the  screw  being  24^  feet,  the  circumference 
of  the  circle  in  which  it  revolves  will  be  8*1416  times  24^,  or  it 
will  be  76*969  feet. 

JBxample  6. — ^A  single  acting  feed  pump  has  a  ram  of  2|  inches 
diameter  and  18  inches  stroke,  and  makes  50  strokes  per  minute. 
How  much  water  ought  it  to  send  into  the  boiler  every  hour  ? 

Here  the  area  of  the  ram  will  be  4*9  square  inches,  and  the 
stroke  being  18  inches,  18  times  4*9  or  88*2  cubic  inches  will  be 
expelled  at  every  stroke,  supposing  that  there  is  no  loss  by  leak- 
age or  otherwise.    As  there  are  50  strokes  made  in  the  minute, 
the  discharge  per  minute  will  be  50  times  88*2,  or  4,410  cubic 
inches;  and  there  will  be  60  times  this,  or  264,600  cubic  inches 
discharged  in  the  hour.    As  there  are  1,728  cubic  inches  in  the 
cubic  foot,  we  get  the  hourly  discharge  in  cubic  feet  by  dividing 
264,600  by  1,728,  and  we  shall  find  the  discharge  to  be  153*125 
cubic  feet.    A  cubic  inch  of  water  will  make  about  a  cubic  foot 
of  steam,  of  the  same  pressure  as  the  atmosphere. 

Exam'ple  7. — A  cubic  foot  of  water  weighs  1,000  ounces. 
What  will  be  the  weight  of  water  in  a  vessel  which  is  filled  to 
the  brim,  and  which  measures  a  yard  each  way  ? 
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As  there  are  27  cnbio  feet  in  a  onbic  yard,  l^e  wdg^t  re- 
quired will  be  27,000  ounces,  which,  diyided  by  16,  the  mimbeii 
of  ounces  in  a  ponnd,  gives  1,687  lbs.  and  8  oz.,  and  diyiding 
again  by  112,  the  number  of  lbs.  la  each  cwt^  we  get  16  owt 
7  lbs.  8  oz. 

Example  8. — ^Two  steamers  being  started  together  on  a  race^ 
it  was  fomid  that  the  fSaster  went  6  feet  ahead  of  the  other  in 
each  55  yards :  how  mnch  will  she  have  gained  in  half  a  mile? 

As  a  nule  is  1,760  yards,  half  a  mile  is  880  yards,  and  there 
are  16  times  55  yards,  therefore,  ui  half  a  mile.  As  in  each  55 
yards  5  feet  are  gained,  there  will  be  16  times  5  feet,  or  80  feet 
gained  in  the  half  mile,  or  26  yards  2  feet 

Example  9. — The '  Warrior,'  a  steamer  of  6,039  tons  burden, 
and  1,250  nominal  horse-power,  attained  a  speed  on  trial  of 
14*856  knots  per  hour,  the  engines  exerting  an  actual  power  of 
5,469  horses.  The  screw  was  24)^  feet  diameter,  and  80  fsel 
pitch,  or,  in  other  words,  the  twist  of  the  blades  was  such  tiiat  it 
would  advance  80  feet  at  each  revolution,  if  the  advance  wen 
made  without  any  resistance.  The  engines  made  54*25  revQl»> 
tions  per  minute,  and  if  the  screw  advanced  80  feet  in  each  reTO- 
lution,  it  would  advance  1627*5  per  minute,  or  16*061  knots  per 
hour.  In  reality,  however,  the  screw  only  advanced  throu^ 
the  same  distance  as  the  ship,  namely,  14*856  knots  per  hour. 
The  actual  advance,  therefore,  was  less  than  the  theoretical  ad- 
vance by  1-705  knots  per  hour,  which  difference  is  called  the 
slip  of  the  screw;  for  1*705  added  to  14*356  makes  16*061, 
which  would  be  the  speed  of  the  vessel  at  this  speed  of  the  screw 
if  there  was  no  slip. 

Example  10. — ^What  is  the  diameter  of  a  piston  of  which  the 
area  is  2827*44  square  inches  ? 

Here  2827*44,  divided  by  *7854,=  8600,  the  square  root  erf 
which  is  60.    This  is  the  diameter  required. 

Example  11. — ^A  cubical  vessel  of  water  weighs  5  tons,  ex- 
cluding the  weight  of  the  vessel.  What  is  the  leugth  of  the 
side? 

As  there  are  1,000  ounces  in  a  cubic  foot  of  water,  we  know 
that  there  will  be  the  same  number  of  cubic  feet  in  the  vessel 


156    7500 
936 

8486 


1688   940800 
6049 


946849 
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the  number  of  times  1,000  oimoes  is  contained  in  6  tons.    Now 
tt  there  are  2,240  lbs.  in  the  ton,  there  will  be  6  times  this,  or 
11}200  lbs.  in  5  tons,  or  179,200  onnces.    Dividing  this  by  1,000, 
we  have  179*2  cubic  feet  as  the  content  of  the  vessel. 
To  find  the  length  of  the  side  we  must  extract  the  cnbe  root 

^       of  179*2.    We  soon  see  that 

J  25  the  root  most  lie  between  5 

54.200 —    *^d  %  ^or  the  cnbe  of  6  is 

125,  and  the  cube  of  6  is  216. 

60*616     *  Taking  5  as  the  next  lowest 

— 3534000    ^®^*»  ^®  ^*  ^^  number  as 

the  first  figure  of  the  quotient 

28S7647    ^^^  subtract  its  cube  as  in 

^4^    long  division,  bringing  down 

three  more  figures  at  each 
stage,  and  here  two  of  these  must  be  ciphers. 

We  now  triple  the  root  5,  and  set  down  the  15  to  the  left, 
And  we  multiply  this  triple  number  by  the  first  figure  of  the 
root  making  75,  which  number  we  set  down  between  the  15 
and  the  remainder,  adding  two  ciphers  to  it,  which  make  it 
7600.  We  now  consider  how  often  the  trial  divisor  7500  will 
go  into  the  remainder  54200,  after  making  some  allowance  for 
additions  to  the  divisor,  and  we  find  it  will  be  6  times.  We 
plaoe  the  6  as  the  second  figure  of  the  root,  and  we  also  place  it 
after  the  15.  We  multiply  the  156  by  the  6,  and  place  the  prod- 
uct mider  the  7500.  The  resulting  number,  8436,  is  the  first 
true  divisor. 

We  now  bring  down  the  next  period  of  three  figures,  and  as 

there  are  no  figures  remaining  to  be  brought  down,  we  introduce 

three  ciphers.    We  triple  the  last  figure  of  156,  which  gives  168, 

and  we  add  the  square  of  6,  which  is  86,  to  the  sum  of  the  two 

last  lines,  936  and  8436,  making  in  all  9408,  to  which  we  add 

two  ciphers,  making  940800,  and  we  then  see  how  often  this 

sum  is  contained  in  8584000.    We  find  that  it  will  be  8  times, 

and  we  set  down  the  8  as  the  next  figure  of  the  root,  and  also 

after  the  168,  making  1683,  and  we  add  three  times  this  to  the 

940,800,  making  945849,  which  is  the  second  real  divisor.    We 

4 
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BOW  multiply  this  diviBOr  by  the  bat  fignre  of  the  quotient,  and 
subtract  the  product  as  in  long  diTisiou,  leaving  aa  a  remainder 
740463,  to  which,  if  we  wished  to  carry  the  answer  to  another 
place  of  decimals,  wo  should  aunex  three  ciphers,  and  proceed 
aa  before.  For  all  ordinary  purposes,  however,  an  extraction  to 
Oie  aeeond  place  of  decimals  is  sufficient,  and  if  we  cube  5'68,  we 
sliall  find  the  resolting  number  to  be  173'4S3G4T,  being  a  little 
less  than  179'3. 

Bsample  12. — The  deasity  or  specific  gravity  of  mercnry  is 
13'59  times  greater  than  that  of  water,  and  the  specific  gravity 
of  water  is  TTS-SH  times  greater  than  that  of  air  of  the  usual  at- 
mospheric pressure.  What  will  be  the  height  of  a  oolumn  of 
water  that  will  balance  tlie  nsnal  barometric  pressure  of  80 
inches  of  mercury,  and  wliat  also  will  be  the  height  of  a  column 
of  air  of  uniform  density  that  will  bo  required  to  balance  that 
pressure  1 

Here  the  mercury  being  13'59  times  more  dense  tlian  Ibe 
water,  or  in  other  words,  the  water  being  13'G9  times  more  light 
than  the  mercury,  it  will  be  necessary  that  the  height  of  the 
ooliuan  of  water  should  be  13'59  times  greater  than  that  of  the 
column  of  mercury,  in  order  to  balance  the  pressure,  li,  thera- 
fore,  the  column  of  mercury  be  30  ioches  high,  the  height  of  the  ■ 
balancing  column  of  water  must  be  ]3'd9  times  30  inohee,  or 
S3-976  feet,  and  tlie  height  of  the  balanoing  column  of  air  must 
be  773'29  times  this,  or  26371-62775  feet.  In  point  of  feet,  ^ 
heigbt  will  be  a  Utile  more  than  this,  as  mercury  is  18'G9g99;^ 
times  heavier  than  water,  whereas,  for  eimplicity,  it  has  beei^ 
taken  here  at  only  13'S9  times  heavier. 

EQUATIONS. 

Wben  one  quantity  is  set  down  as  equal  to  another  qaanG^ 
with  the  sign  of  equably  (■=)  between  the  two,  the  whole  ex<i 
pression  is  termed  an  equation.  Tims  1  lb.  —  16  oz.  is  an  eqii**' 
tion ;  and  if  we  represent  11>b.  by  tlio  letter  a,  and  az,  by  fes* 
letter  b,  then  we  ahall  have  the  equation  in  the  form  lA 
A  —  16b.    It  is  clear  that  the  equality  subastiog  in  sach  an  t 
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praskm  win  not  be  eztingnislied  by  any  amount  of  addition, 
nbtraetion,  mnltiplication,  division,  or  other  arithmetical  pro- 
OOBB  to  which  it  may  be  subjected,  provided  it  be  simnltaneonsly 
ippM  to  both  sides  of  the  equation— just  as  the  equality  of 
wvi^t  shown  by  a  pair  of  scales  between  1  lb.  and  16  oz.  will 
not  be  altered  if  we  add  an  ounce,  or  pound,  or  any  other  weight 
to  eadi  scale,  or  subtract  an  ounce,  or  pound,  or  any  other 
▼eight  from  each  scale.  If  we  add  an  ounce  to  each  scale,  then 
ve BhaU  have  the  equation  a  +  b—  16b  +  b,  or  if  we  subtract 
a&  oonoe  from  each  scale,  the  equation  becomes  a— b  —  16b— b, 
boOi  of  which  expressions  are  obviously  just  as  correct  as  the 
fint  <me.  We  may,  consequently,  add  any  quantity  to  each  side 
of  an  equation^  or  subtract  any  quantity  from  it  without  altering 
tile  value  of  the  expression. 

if  we  have  such  an  expression  as  a  —  b  >—  16b  —  b,  and  wish 
thereby  to  know  the  value  of  a,  we  shall  ascertain  it  by  adding 
Ihe  quantity  b  to  each  side  of  the  equation,  which  will  then  be- 
0(»seA— B  +  B— 16b— B+B.  KowA— B  +  Bisobviouslyequal 
t&A,  for  the  value  of  any  quantity  is  not  changed  by  first  sub- 
tnotmg  and  then  adding  any  given  quantity  to  it.  So  likewise 
19b  —  B  +  B  is  obviously  equal  to  16b,  as  the  — b  and  +  b  de- 
rtrpjr  one  another.  The  equation  thus  cleared  of  redundant 
flgnies  becomes  a  »  16b.  as  at  first. 

If  now  we  divide  both  sides  of  the  equation  by  any  number, 
or  mntiply  both  sides  by  any  number,  we  shall  find  the  value  of 
the  expression  to  remain  without  change.    For  example,  if  we 

Wde  by  16  we  shall  get  r-^  =  b,  or  if  we  multiply  by  2  we  shall 

get  2a  —  d2B.  Both  of  these  expressions  are  obviously  as  true 
M  the  first  one,  as  they  amount  to  saying  that  ^th  of  a  pound  is 
equal  to  an  ounce,  and  that  2  lbs.  are  equal  to  82  oz. 

If  we  have  such  an  expression  as  a  +  5  —  c,  and  wish  to  know 
the  value  of  a,  we  subtract  5  from  both  sides  of  the  equation, 
which  we  have  seen  we  can  do  without  error,  whatever  quan- 
tity h  may  be  supposed  to  represent.  Performing  this  subtrac- 
tion we  get  a  +  5—5,  or  a  —  c— 5 ;  and  if  we  know  the  values 
of  e  and  5,  we  at  once  get  the  value  of  a.    If  we  know  the 
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values  of  a  and  e,  and  wittL  to  find  the  valne  of  b,  we  ahaU 
asoertaiQ  it  by  snbatrocting  a  from  each  side  of  the  eqnation, 
wbicli  will  then  become  b  —  e—  a.  In  botli  of  these  Babtrtio- 
tiona  we  niaj  see  that  we  have  merely  shifted  a  letter  from  oae 
side  of  the  equation  to  the  other,  at  tlie  same  time  chan^g  ite 
sign;  and  we  henee  deduce  this  general  law  ap])licahle  to  bU 
equations,  t!iat  wo  may  without  error  transfer  any  quantity  fhan 
tlie  one  side  to  the  other,  if  we  at  the  some  time  ohango  its  aij 

If  we  have  the  equation  a^  t,  and  if  rfe  know  the  volnaa  of 
a  &ad  b,  but  not  of  x,  then,  to  find  the  value  of  x,  we  multiply 
both  sides  of  the  equation  by  I,  which  reduces  the  equation  to 
the  form  ab^x.  J£,  then,  a  ^  3  and  A  ~'  4,  it  is  clear  that 
a;  —  8.  It  may  be  here  remarked  that  ab  is  the  eami 
and  which  is  quit«  a  different  expression  from  a  + 
meaning  a  mnltiphed  by  b,  and  the  other  a  added  to  b.    So  Iik«- 

wise"--«imd-  =  5. 

The  utility  of  such  equations  in  engineering  compntationB  1> 
very  great,  not  merely  as  simplifying  arithmetical  prooessea,  but 
as  presenting  compendious  espressions  of  important  laws,  boA 
easily  remembered  and  easily  recorded.     Thus  it  is  found  Q)fi 
in  steam'vessols  the  power  necessary  to  be  put  into  thein,  to 
achieve  any  given  speed  with  any  given  form  of  vessel,  and  gnj' 
given  area  of  immersed  midship  section,  varies  as  the  cab^  tf 
the  speed  required.    If  we  represent  the  indicated  poweibf.j^, 
the  speed  in  knots  per  hour  by  s,  the  area  in  square  feet,  BdA 
the  cross  section  below  the  water  line  by  a,  and  if  by  o  i 
note  a  certain  multiplier  or  coefficient,  the  value  of  which 
with  the  form  of  the  vessel,  but  is  constant  in  the  some  i 
of  vessel,  then  p—  —  is  an  equation  which  espressea  these 
lations,  and  we  can  find  the  value  of  p  from  this  e(iTiatJoii  if 
know  the  value  of  the  other  quantities,  or  we  can  find  the 
of  e,  or  of  A,  or  of  o,  if  we  know  the  values  of  the  other  i 
lities  in  the  equation.    Thus  if  we  multiply  both  sides  of 
equation  hy  o,  we  get  po—  b%  and  if  we  now  divide  by  p 
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g«t  0—  — -    So  also  if  we  divide  the  equation  po  —  s^a  by  s*, 

PO 

we  get  the  valae  of  a,  as  we  shall  then  have  -^— a  ;  or  if  we 

PC 

di?ide  by  a  we  get  —  «=  s',  and  taking  ont  the  cube  root  of  both 
«  J — 

/  PO 

«d«B  we  get  y  — «—  s.    IfJ  therefore,  we  know  the  indicator 

power  of  a  steamer,  the  immersed  area  of  midship  cross  section, 
and  the  ooeffioient  proper  for  the  order  of  vessel  to  which  the 
particular  vessel  under  examination  belongs,  we  can  easily  tell 
what  the  speed  will  be,  as  we  have  only  to  multiply  the  indi- 
cator power  in  horses  by  the  coefficient,  and  divide  by  the  sec- 
tional area  in  square  feet,  and  finally  to  extract  the  cube  root  of 
the  quotient,  which  will  give  the  speed  in  knots  per  hour.  The 
ooefficients  of  different  vessels  have  been  ascertained  by  experi- 
ment. The  following  are  the  coefficients  of  some  of  the  screw- 
Tessek  of  the  navy : — 

*  Shannon,'  550;  *  Simoom,'  500;  'Windsor  Oastle,'  493; 
'Penguin,'  648;  *  Hover,'  670;  *Oura9oa,'  677;  *  Himalaya,' 
6$5;  *  Warrior,'  824;  *  Black  Prince,' 674.  The  coefficient  of 
the  Boyal  Yacht  *Fairy '  is  464,  and  the  original  coefficient  of 
file* Battler'  was  676;  but  the  performance  has  latterly  fallen 
ol^  and  is  not  now  above  600,  or  thereabout.  The  original  co- 
effident  of  the  '  Frankfort,'  a  merchant  screw  steamer,  was  792, 
which  was  about  the  best  performance  at  that  time  attained. 
The  larger  the  coefficient  the  better  is  the  performance. 


CHAPTER  n. 


MECHANICAL  PRINCIPLES  OF  THE  STEAM-ENGINB. 


LAW  OF  CONSERVATION  OP  FORCE. 

The  ftindamental  principle  of  Meohanios,  as  of  Ohemistry, 
Physiology,  and  every  department  of  physical  science,  is  that  a 
force  once  in  heing  can  never  cease  to  exist,  except  hy  its  tranft- 
formation  into  some  other  equivalent  force,  which,  however, 
does  not  involve  the  annihilation  of  the  force,  as  it  continnes  to 
exist  ID  another  form.  This  principle,  asaally  termed  the  con- 
servation of  foTce^  and  sometimes  the  conservation  of  energy,  fa 
only  now  heginning  to  receive  that  wide  and  distinct  recognilicxi 
which  its  importance  demands ;  and  it  will  he  found  that  the 
clear  apprehension  of  this  pervading  principle  will  greatly  am- 
plify and  aid  all  our  investigations  in  natural  science.  One  very 
ohvious  ioference  from  the  principle  is  that  we  cannot  manu&o- 
ture  force  out  of  nothing,  any  more  than  we  can  manufacture 
time,  or  space,  or  matter ;  and  in  the  various  machines  for  the 
production  of  power— such  as  the  steam-engiue,  the  wind  or 
water  mill,  or  the  electro-motive  machine— we  merely  devel<^ 
or  liherate  the  power  pent  up  in  the  material  which  we  oonsmiN 
to  generate  the  power ;  just  as  in  setting  a  clock  in  motion,  m 
liberate  the  power  pent  up  in  the  spring.  Coal  is  virtually  a 
spring  that  has  been  wound  up  by  the  hand  of  nature ;  and  in 
using  it  in  an  engine  we  are  only  permitting  it  to  uncoil — ^im- 


LAW  OF  ¥IBTUAL  TELOCTTIES.  79 

.  parting  thereby  to  some  other  agent  an  amonnt  of  power  equal 

to  thatwhich  the  coal  itself  loses.    The  natural  agent  employed 

in  winding  np  the  springs  which  onr  artificial  machines  nncoil 

is  the  son,  which  by  its  action  on  vegetation  decomposes  the 

earbonic  acid  which  combustion  produces,  and  uses  the  carbon 

to  build  up  again  the  structure  of  trees  and  plants,  that,  by  their 

nbsequent  combustion,  wiU  generate  power;  and  as  coal  is  only 

&e  fossil  vegetation  of  an  early  epoch,  we  are  now  using  in  our 

flogines  the  power  which  the  sun  gave  out  ages  ago.    So  in 

windmills  and  waterwheels,  it  is  the  sun  that,  by  rarefying  some 

parts  of  the  atmosphere  more  than  others,  causes  the  wind  to 

blow  that  impels  windmills,  and  the  vapours  to  exhale,  which, 

being  afterwards  precipitated  as  rain,  form  the  rivers  that  impel 

waterwheels.     In  performing  these  operations  the  sun  must 

lose  as  much  power,  in  the  shape  of  heat  or  otherwise,  as  it  im< 

parts;  and  one  of  two  consequences  must  ensue — either  that 

the  son  is  gradually  burning  out,  or  that  it  is  receiving  back  in 

Kxne  other  shape  the  equivalent  of  the  power  that  it  parts  with. 

LAW  OF  VIRTUAL  VELOCITIEa 

One  branch  of  the  principle  of  conservation  of  force  is  well 
known  in  mechanics  as  the  principle  of  mrtual  velocities.  This 
principle  teaches  that,  as  the  power  exerted  in  a  given  time  by  a 
madiine,  such  as  a  steam-engine  or  waterwheel,  is  a  definite 
faultily  and  as  power  is  not  mere  pressure  or  mere  motion,  but 
the  product  of  pressure  and  motion  together,  so  in  any  part  of 
the  machine  that  is  moviog  slowly,  the  pressure  will  be  great, 
and  in  any  part  of  the  machine  moving  rapidly,  the  pressure 
UQst  be  small,  seeing  that  under  no  other  circumstances  could 
the  product  of  the  pressure  and  velocity — which  represents  or 
oonstitntes  the  power — ^be  a  constant  quantity.  A  horse  power 
is  a  dynamical  unit,  or  a  unit  of  force,  which  is  represented  by 
88,000  lbs.  raised  one  foot  high  in  a  minute  of  time ;  and  this 
onit  is  usually  called  an  actual  horse  power  to  distinguish  it 
from  the  nominal  or  commercial  horse  power,  which  is  merely 
an  expression  for  the  diameter  of  cylinder  and  length  of  stroke, 
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or  a  measure  of  the  dimensions  of  an  en^e  without  any  refeiv 
ence  to  the  amount  of  power  actnallj  exerted  by  it.  If  we  sup* 
pose  that  an  engine  makes  one  double  stroke  of  5  feet  in  the 
minute — ^which  is  equal  to  a  space  of  10  feet  in  the  minute  tibat 
the  piston  must  pass  through,  since  it  has  to  travel  both  upward 
and  downward — and  that  this  engine  when  at  work  exerts  one 
horse  power,  it  is  easy  to  tell  what  pressure  must  be  exerted  on 
the  piston  in  order  that  this  power  may  be  exactly  attained;  fbr 
it  must  be  the  10th  of  38,000  or  8,800  lbs. ;  since  3,800  lbs.  mul- 
tiplied by  10  feet  is  equivalent  to  33,000  lbs.  multiplied  by  1 
foot  8uch  an  engine,  if  making  10  strokes  in  the  minute,  would 
exert  10  horses'  power ;  if  making  20  strokes  in  the  minute  would 
exert  20  horses'  power;  if  making  30  strokes  in  the  minute 
would  exert  30  horses'  power ;  and  in  general  the  pressure  on 
the  piston  in  lbs.  multipled  by  the  space  passed  through  by  the 
piston  in  feet  per  minute,  and  divided  by  33,000,  will  give  the 
number  of  horses'  power  exerted  by  the  engine. 

It  will  be  dear  from  these  considerations  that  the  dronm- 
stance  which  determines  the  power  exerted  by  any  engine  during 
each  stroke  is — ^with  any  uniform  pressure  of  steam — ^the  capiieUif 
of  the  cylinder.  A  tall  and  narrow  cylinder  will  generate  as 
much  power  each  stroke,  and  will  consume  as  much  steam,  as  a 
short  and  broad  one,  if  the  capacities  of  the  two  are  the  same. 
But  the  strain  to  which  the  piston-rod,  the  working-beam,  and 
the  other  parts  are  subjected,  will  be  greatest  in  the  case  of  the 
short  cylinder,  since  the  weight  or  pressure  on  the  piston  must 
be  greatest  in  that  case  in  order  to  develop  the  same  amount  d 
power.  8ince,  too,  in  the  case  of  an  engine  exerting  a  given 
power,  the  quantity  of  power  is  a  constant  quantity,  which  may 
be  represented  by  a  small  pressure  acting  through  a  great  spaoe^ 
or  a  great  pressure  acting  through  a  small  space,  so  long  as  the 
product  of  the  space  and  pressure  remain  invariable,  it  follows 
that  in  any  part  of  an  engine  through  which  the  strain  is  trans- 
mitted, and  of  which  the  motion  is  very  slow,  the  pressure  and 
strength  must  be  great  in  the  proportion  of  the  slowness,  sinoe 
the  pressure  multiplied  by  the  motion,  at  any  other  part  of  the 
engine,  must  always  be  equal  to  the  pressure  multiplied  by  the 
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motion  of  the  piston.    In  the  case  of  any  part  of  an  enghie, 
therefore,  or  in  the  case  of  any  part  of  any  machine  whatever,  it 
is  easy  to  tell  what  the  strain  exerted  will  be  when  we  know  the 
relatiye  motions  of  the  piston,  or  other  source  of  power,  and  of 
&e  part  the  strain  on  which  we  wish  to  ascertain,  since,  if  the 
moti<m  of  such  part  be  only  i  of  that  of  the  moving  force,  the 
strain  will  be  twice  greater  upon  that  part  than  upon  the  part 
There  the  force  is  first  applied.    If  the  motion  of  the  part  be  i 
of  that  of  the  moving  force,  the  strain  upon  it  will  be  8  times 
greater  than  that  dae  to  the  direct  application  of  the  moving 
ftroe;  if  the  motion  be  1,  the  strain  will  bo  4  times  greater ;  if  j, 
it  win  be  5  times  greater ;  if  iV?  ^t  will  be  10  times  greater ;  if 
fn)  it  will  be  100  times  greater :  and  if  any  motion  of  the  prime 
mover  imparts  no  appreciable  motion  to  some  other  part  of  the 
madiine,  the  strain  becomes  infinite,  or  would  become  so  only 
£>r  the  yielding  and  springing  of  the  parts  of  the  machine.    We 
have  an  example  of  a  strain  of  this  kind  in  the  Stanhope  printing 
pran,  or  in  the  elbow-jointed  lever,  which  consists  of  two  bars 
jointed  to  one  another  like  the  halves  of  a  two-foot  rule.    If  we 
nqipose  these  two  portions  to  be  opened  until  they  are  nearly 
but  not  quite  in  the  same  straight  line,  and  if  they  are  then  in- 
terposed between  two  planes,  and  are  forced  sideways  so  as  to 
king  them  into  the  same  straight  line,  the  force  with  which  the 
planes  will  be  pressed  apart  will  be  proportional  to  the  relative 
motioDs  of  the  hand  which  presses  the  elbow-joint  straight,  and 
the  distance  through  which  the  planes  are  thereby  separated. 
As  it  will  be  found  that  this  distance  is  very  small  indeed,  rela- 
tively with  the  motion  of  the  hand,  when  the  two  portions  of 
the  levar  come  nearly  into  the  same  straight  line,  and  ceases 
altogether  when  they  are  in  the  same  straight  line,  so  the  pressure 
acting  in  separating  the  planes  will  be  very  great  indeed  when 
the  parts  of  the  lever  come  into  nearly  a  straight  line,  and  is  in- 
finite when  they  come  really  into  a  straight  line ;  or  it  would  be 
10  but  for  the  compressibility  of  the  metal  and  the  yielding  of  the 
parts  of  the  apparatus. 

It  IB  i)erfectly  easy,  with  the  aid  of  the  law  of  virtual  veloci- 
ties, to  determine  the  strains  existing  at  any  part  of  a  machine, 

4* 
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md  alio  the  weight  which  the  exertion  of  way  girea  fane  at  the 
handle  of  a  crane,  winch,  screw,  hTdraolio  presB^  difforential 
screw,  hlocka  and  tadde,  or  anj  other  machine  win  lift;  for  wa 
have  only  to  determine  the  first  and  last  yelodtiefl^  and  in  tibe 
proportion  in  which  the  hist  Telodtj  is  alow,  the  wei^it  lifted 
win  be  great.  Thus,  suppose  we  have  a  crane,  moved  by  a  han- 
dle which  has  a  radios  of  2  feet,  which  turns  a  pinion  of  6  inches 
diameter  gearing  into  a  wheel  of  4  feet  diameter,  on  which  there 
is  a  barrel  of  1  foot  diameter  for  winding  the  chain  npon,  it  is 
eai^  to  teU  what  weight — excluding  Mction — ^win  be  ^anowl 
or  lifted  by,  say  a  force  of  30  lbs.  apphed  at  the  handle.  The 
handle,  it  is  dear,  wiU  describe  a  circle  of  4  feet  diameter,  while 
the  pinion  describes  only  a  circle  of  6  inches  diameter,  which 
gives  us  a  relative  velocity  of  8  to  1 ;  or,  in  other  words,  the 
strain  exerted  at  the  dreumference  of  the  pinion  win  be  8  times 
greater  than  the  strain  of  80  lbs.  applied  at  the  end  of  the  handle; 
so  that  it  win  be  240  lbs.  Now  the  strain  of  the  pinion  is  im- 
parted to  the  circumference  of  the  wheel  with  which  it  gears; 
and  the  strain  of  240  lbs.  at  the  circumference  of  a  wheel  of  4 
feet  diameter  wiU  be  4  times  greater  at  the  dreumference  of  a 
barrel  of  1  foot  diameter,  placed  on  the  same  shaft  as  the  wheel, 
and  revolving  with  it.  The  weight  on  the  barrel,  therefore, 
which  win  balance  80  lbs.  on  the  handle,  wiU  be  4  times  240  Ibs^ 
or  960  lbs.,  but  for  every  foot  throu^  which  the  weight  of 
960  lbs.  is  raised,  the  handle  must  move  through  82  feet,  since 
80  lbs.  moved  through  82  feet  is  equivalent  to  960  lbs.  moved 
through  1  foot.  So  also  in  the  case  of  a  screw  press,  the  screw 
of  which  has  a  pitch  of  say  half  an  inch,  and  which  is  turned 
round  by  a  lever  say  3  feet  long,  pressed  with  a  weight  of  80  lbs. 
on  the  end  of  it,  we  have  here  a  moving  force  acting  in  a  drde 
of  6  feet  diameter ;  and  as  at  each  revolution  of  the  screw  it  is 
moved  downward  through  a  distance  equal  to  the  pitch,  whidi 
is  i  inch,  we  have  the  relative  velocities  of  -J  inch,  and  the  dr- 
eumference of  a  circle  6  feet  in  diameter.  Now  the  proportion 
of  the  diameter  of  a  circle  to  its  circumference  being  1  to 
8*1416,  the  circumference  of  a  circle  6  feet  diameter  wiU  be 
18-8496  feet,  or  say  18*85  feet,  which,  multipled  by  12  to  reduce 
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it  to  inches,  sinoe  the  pitch  is  expressed  in  inches,  gives  ns  226*2 
inches,  and  the  relative  velocities,  therefore,  are  226*2  to  -I,  or 
452*4  to  1.  It  follows,  consequently,  that  a  pressure  of  80  lbs. 
ipplied  at  the  end  of  the  lever  employed  to  turn  such  a  screw  as 
has  been  here  supposed,  will  produce  at  the  point  of  the  screw  a 
pressure  of  452*4  times  80,  or  18,572  lbs.,  which  is  a  littie  over  6 
tons.  Whatever  the  species  of  mechanism  maj  be-- whether  a 
hydraulic  press,  a  lever,  ropes  and  pullejs,  differential  wheels, 
Mrewa,  or  pulleys,  or  any  other  machine  or  apparatus,  this  in- 
Tiriable  law  holds,  that  with  any  given  pressure  or  strain  at  the 
pdnt  where  the  motion  begins,  the  pressure  or  strain  exerted  at 
any  part  of  the  machine  will  be  in  the  inverse  proportion  of  its 
Tdooity — the  stress  or  pressure  on  any  part  being  great,  just  in 
the  proportion  in  which  its  motion  is  slow. 

In  the  case  of  a  lever  like  the  beam  of  a  pair  of  scales,  which 
has  its  fhlcrum  in  the  middle  of  its  length,  the  application  of 
any  ibrce  or  pressure  at  one  end  of  the  beam  will  produce  an 
equal  force  or  pressure  at  the  other  end ;  and  both  of  the  ends 
win  also  move  through  the  same  distance  if  motion  be  ^en  to 
m&fft.  But  if  the  fulcrum,  instead  of  being  placed  in  the  mid< 
die  of  the  beam,  be  placed  intermediately  between  the  middle 
and  one  end,  we  shall  then  have  a  lever  of  which  the  long  end 
Is  8  times  the  length  of  the  short  one,  and  a  pound  weight 
placed  at  the  extremity  of  the  long  end,  will  balance  8  1]^ 
weight  placed  at  the  extremity  of  the  short  end.  If^  however, 
the  short  end  be  moved  through  1  foot,  the  long  end  will  be 
simultaneously  moved  through  8  feet;  and  8  lbs.  gravitating 
{hrongh  1  foot  expresses  just  the  same  amount  of  mechanical 
power  as  1  lb.  gravitating  through  8  feet  In  a  safety-valve, 
pressed  down  by  a  lever  5  feet  long,  while  the  point  which 
presses  on  the  spindle  of  the  safety-valve  is  6  inches  distant 
iirom  the  ftdcrum,  we  have  a  lever,  the  ^ids  of  which  have  a 
J I  proportion  of  |  to  5,  or  1  to  10 ;  so  that  every  pound  weight 
^1  Itimg  at  the  extremity  of  the  long  end  of  such  a  lever,  will  be 
^'1  iqidvalent  to  a  weight  of  10  lbs.  placed  on  the  top  of  the  valve 
^1  ML  In  the  case  of  a  set  of  blocks  and  tackle,  say  with  8 
^1  iiesves  in  each  block,  and,  therefore,  with  6  ropes  passing  from 
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one  block  to  the  other,  it  is  dear  that  if  the  weight  to  be  lifted 
be  raised  a  foot,  eaoh  of  the  ropes  will  have  been  shortened  t 
foot,  to  do  which — ^as  there  are  6  ropes — ^the  rope  to  which  the 
motive  power  is  applied  mnst  have  been  pulled  ont  6  feet.  We 
have,  here,  therefore,  a  proportion  of  6  to  1 ;  or,  in  other  words, 
a  weight  of  1  cwt.  applied  to  the  rope  which  is  pnlled,  wonld 
balance  6  cwt.  suspended  from  the  blocks. 

It  is  a  common  practice  among  sailors  in  tightening  ropes—, 
after  haviag  first  drawn  the  rope  as  far  as  they  can  by  pulling  it 
towards  them — ^to  pass  the  end  of  the  rope  over  some  pin  or 
other  object,  and  then  to  pull  it  sideways  in  the  manner  a  harp 
string  is  pulled,  taking  in  the  slack  as  they  agun  release  it 
This  action  is  that  of  the  elbow-jointed  lever  reversed;  and  inas- 
much  as  the  tightened  rope  may  be  pulled  to  a  considerable  dis- 
tance sideways,  without  any  appreciable  change  in  its  total 
length,  the  strain  imparted  by  this  side  pulling  is  great  in  the 
proportion  of  the  smallness  of  the  distance  through  which  any 
given  amount  of  side  deflection  will  draw  the  rope  on  end. 

A  hydrauho  press  is  a  machine  consisting  of  a  cylinder  fitted 
with  a  piston,  beneath  which  piston  water  is  forced  by  a  smafl 
pump ;  and  at  each  stroke  of  the  pump  the  piston  or  ram  of  the 
hydraulic  cylinder  is  raised  through  a  small  space,  which  will 
be  equal  to  the  capacity  of  the  pump  spread  over  the  area  of 
the  hydraulic  piston.    I^  for  example,  the  pump  has  an  area  of 
1  square  inch,  and  a  stroke  of  12  inches,  its  capacity  or  content 
will  be  12  cubic  inches ;  and  if  the  piston  has  an  area  of  144 
square  inches,  it  is  clear  that  the  pump  must  empty  itself  12 
times  to  project  144  cubic  inches  of  water  into  the  cylinder,  and 
which  would  raise  the  piston  or  ram  1  inch.    In  other  wordfly 
the  plunger  of  the  pump  must  pass  through  12  times  12  inches, 
or  144  inches,  to  raise  the  piston  of  the  hydraulic  cylinder  1 
inch,  so  that  the  motion  of  the  piston  or  ram  of  the  hydraulic 
cylinder  being  144  times  slower  than  that  of  the  plunger  of  the 
pump,  it  will  exert  144  times  the  pressure  that  is  exerted  on  the 
piston  of  the  pump  to  move  it.    When,  therefore,  we  know  the 
amount  of  pressure  that  is  applied  to  move  the  plunger  of  the 
pump,  we  can  easily  tell  the  weight  that  the  hydraulic  pistoa 
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win  latbf  or  the  preasiire  that  it  will  exert ;  and,  indeed,  this 
praBore  will  be  greater  than  that  on  the  pump  in  the  proportion 
of  the  greater  area  of  the  hydranlio  piston,  relatively  with  that 
of  tibe  pomp  plnnger,  and  which  in  the  case  supposed  is  144  to  1. 

Thfsn  are  yarioos  forms  of  differential  apparatus  for  raising 
Heights,  or  imparting  pressure,  in  which  the  terminal  motion  is 
randered  very  slow,  and  therefore  the  terminal  pressure  verj 
groit^  by  jiroviding  that  it  shall  be  the  difference  of  two  mo- 
tkHis,  very  nearly  equal,  but  acting  in  opposite  directions. 
Thus,  if  the  bight  of  a  rope  be  made  to  han^  between  two 
drams  or  barrels  on  which  the  different  ends  of  the  rope  are 
wmmd,  and  one  of  which  barrels  pays  the  rope  out,  while  the 
other  winds  it  up  at  a  slightiy  greater  velocity  than  that  with 
which  it  is  unwound  by  the  other,  the  bight  of  the  rope  will  be 
Tcry  slowly  tightened ;  and  any  weight  hung  upon  the  bight 
win  be  lifted  up  with  a  correspondingly  great  force.  Then  there 
tte  forms  of  the  screw  press  in  which  the  screw  winds  itself  up 
a  certain  distance  at  one  end,  and  unwinds  itself  nearly  the 
same  distance  at  the  other  end ;  so  that,  at  each  revolution,  it 
advances  the  object  it  presses  upon  through  a  distance  equal  to 
the  difference  of  the  winding  and  unwinding  pitches ;  and  as 
this  difference  may  be  made  as  small  as  we  please,  so  the  pres- 
sure may  be  made  as  great  as  we  please.  The  effect  of  using 
these  differential  screws  is  the  same  as  would  be  obtained  if  we 
▼ere  to  nse  a  single  common  screw  having  a  pitch  equal  to  the 
differences  of  the  pitches.  But  in  practice  such  a  pitch  would 
be  too  fine  to  have  the  necessary  strength  to  resist  the  pressure ; 
and  consequently  differential  screws  are  in  every  respect  prefer- 
able. 

It  is  easy  to  tell  what  the  pressure  exerted  by  a  differential 
screw  will  be,  when  we  know  the  actual  advance  it  makes  at 
each  revolution.  Thus,  suppose  the  pitch  of  the  unwinding  or 
flcrewing-out  part  of  the  screw  to  be  half  an  inch,  or  rf^  of  an 
inch,  and  the  pitch  of  the  winding  or  screwiag-in  part  of  the 
screw  to  be  -^ff^  of  an  inch,  then  the  distance  between  the 
winding  and  unwinding  nuts  will  be  increased  iW\r~"^Aftr  ^^ 
Yi^th  part  of  an  inch  at  each  revolution.    The  pressure  exerted 
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by  saoh  a  screw  will  conseqnentlj  be  fhe  saane  ai  if  tibie  pitoh 
were  tvV?^  P^^  o^  ^^  ^<^  \  And  saoh  pressure  may  be  easily 
oompnted  in  the  manner  already  explained. 

There  are  yarions  forms  of  differential  gearing  employed  in 
spedal  cases — ^not  generally  for  the  pnrpose  of  generatiiog  a 
great  pressure,  bnt  for  the  pnrpose  of  generating  a  slow  motkm 
with  few  wheels ;  though  a  great  pressure  is  an  incident  of  liie 
arrangement,  if  the  terminal  motion  be  resisted.  Thna^  if  we 
place  two  bevel  wheels  on  the  same  shaft,  with  the  teeth  fadng 
one  another,  and  cause  the  two  wheels  to  make  the  same  nnm- 
ber  of  revolutions  in  opposite  directions,  and,  farther,  if  we 
place  between  the  two  wheels,  and  on  the  end  of  a  erank  or 
arm  capable  of  revolving  between  them,  a  bevel  pinion,  gearing 
with  the  two  wheels,  then  it  will  follow — ^if  the  two  whecjia 
have  the  same  number  of  teeth — that  the  bevel  pinion  wiU 
merely  revolve  on  its  axis,  but  that  this  axis  or  crank  will  be 
itself  stationary.  I^  however,  one  wheel  is  made  widi  a  tooth 
more  than  the  other  wheel,  then  it  will  foUow  that  the  crank  or 
arm  carrying  the  bevel  pinion  will  be  advanced  through  the  dis- 
tance of  one  tooth  by  each  revolution  of  the  wheels,  and  the 
arm  will  consequently  have  a  very  slow  motion  round  the  shaft, 
and  will  impart  a  correspondingly  great  pressure  to  any  object 
by  which  that  motion  is  resisted.  Differential  gearing  is  prind- 
pally  employed  for  drawing  along,  very  slowly,  the  cutter  block 
in  boring  mills ;  and  many  of  its  forms  are  very  elegant.  It  is 
also  employed  in  various  kinds  of  apparatus  for  recording  the 
number  of  strokes  made  by  an  engine  in  a  given  time.  But  the 
same  conditions  which  render  the  motion  slow,  also  render  it 
forcible ;  without  any  reference  to  the  forms  of  apparatus  lij 
which  the  transformation  is  produced. 

These  expositions  are  probably  sufficient  to  show  how  the 
pressure  exerted  by  any  machine  may  be  computed ;  and  as  the 
pressure  is  only  another  name  for  the  strain,  we  may  thenoe 
discover  how  to  apportion  the  material  to  give  the  necessary 
strength.  The  very  same  considerations  wUl  enable  us  to  deter* 
mine  the  strains  existing  at  any  part  of  an  engine,  or  at  any 
part  of  any  structure  whatever ;   and  when  we  know  the 
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•mount  of  the  stram,  it  becomes  easy  to  tell  how  mnch  mate- 
rial, of  any  detenxunate  strength,  we  must  appl^  in  order  to  re- 
sist it.    Let  us  suppose,  for  example,  that  we  wished  to  know 
die  strain  whioh  exists  at  any  part  of  the  main  beam  of  a  land 
en^pne,  in  order  that  we  may  determine  what  quantity  of  metal 
we  shoold  introduce  into  it  to  give  it  the  necessary  strength. 
Now  if  we  suppose  the  fly  wheel  to  be  jammed  fast  when  the 
iteam  is  pat  on  the  engine,  it  is  dear  that  the  connecting-rod 
end  of  the  beam  will  be  thereby  fixed,  and  will  become  a  ftd- 
emm  ronnd  which  the  piston-rod  will  endeavour  to  force  up  the 
kam,  lifting  the  main  centre  with  twice  the  pressure  that  the 
^ston  exerts;  since  if  we  suppose  the  main  centre  to  be  a 
v«i(^t,  and  the  fulcrum  to  be  at  the  end  of  the  beam,  this 
vo^t  would  only  be  moved  through  one  inch,  when  the  piston 
moYod  through  2  inches,  so  that  the  lifting  pressure  upon  this 
piniit  would  be  twice  greater  than  that  upon  the  piston,  and  the 
BUDiL  centre  must  consequently  be  made  strong  enough  to  with- 
itend  tibis  strain.    I^  however,  we  suppose  the  main  centre  to 
be  Rifflciently  strong,  we  may  dismiss  all  consideration  respect- 
ing it,  and  may  consider  the  beam,  which  wiU  be  thus  fixed  at 
two  p<nnts,  as  a  beam  projecting  from  a  wall,  which  an  upward 
«  downward  pressure  is  applied  to  break. 

Kow  in  any  well-formed  engine  beam,  and  indeed  in  all 

niefcal  beams  of  proper  construction,  the  strength  is  collected  at 

the  edges ;  and  the  web  of  the  beam  acts  merely  m  binding 

into  one  composite  mass  the  areas  of  metal  which  are  to  be 

impressed  and  extended.    The  edges  of  the  beam  may  be  in 

ftct  regarded  as  pillars,  which  it  is  the  tendency  of  the  strain 

applied  to  the  beam  to  crumple  up  on  the  one  edge,  and  tear 

aaimder  on  the  other  edge ;  and  the  whole  strength  of  the  beam 

may  be  supposed  to  reside  in  these  pillars,  since  if  they  were  to 

break  the  rest  of  the  beam  would  at  once  give  way.    The 

strength  of  any  given  material  to  resist  compression  is  not  noce&- 

sarily,  nor  always  the  same  as  the  strength  to  resist  compression. 

In  the  case  of  wrought-iron  the  stretching  strength  is  about 

twice  greater  than  the  crumpling  strength ;  whereas,  in  the  case 

of  cast-iron  the  crushing  strength  is  between  5  and  6  times 
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greater  than  the  tensile  strength.  In  the  case  of  an  engloA 
beam,  which  has  the  strain  applied  alternately  in  each  direction,. 
the  weakest  strength  mnst  necessarily  be  that  (m  which  oor 
computations  are  based ;  and  in  machinery  it  is  not  advisable  to 
load  cast-iron  with  a  greater  weight  than  2,000  lbs.  per  flqnare 
inch  of  section,  Kow  if  we  suppose,  for  the  sake  of  simplii^- 
log  the  computation,  that  the  depth  of  the  beam  at  the  centre 
is  equal  to  its  length,  then  it  is  clear  that  if  the  end  of  the  beam 
moves  through  any  given  distance,  a  point  on  the  edge  of  the 
beam  over  or  below  the  main  centre  will  move  through  the 
same  distance,  having  the  same  radius ;  and  if  we  suppose  that 
the  depth  of  the  beam  is  equal  to  half  its  length,  then  a  point 
on  the  edge  of  the  beam,  over  or  below  the  main  centre,  will 
move  through  half  the  space  that  the  end  of  the  beam  moves  . 
through,  and  at  such  point  there  will  consequently  be  twice  the 
amount  of  strain  existing  than  is  exerted  upon  the  piston.  For 
every  2,000  lbs.,  therefore,  of  pressure  on  the  piston,  there 
ought  to  be  strength  enough  at  the  edge  of  the  beam  to  with* 
stand  a  strain  of  4,000  lbs. ;  but  as  this  stresgth  has  to  be  di- 
vided between  the  two  edges  of  the  beam,  there  should  be 
strength  enough  at  each  end  to  bear  2,000  lbs.  without  straining 
the  metal  more  than  2,000  lbs.  per  square  inch  of  section.  In 
other  words,  with  such  a  proportion  of  beam  there  ought  to  be 
a  square  inch  of  section  in  the  top  and  bottom  flanges  or  mould- 
ings of  the  beam,  for  each  2,000  lbs.  pressure  or  load  upon  the 
piston.  In  land  engines  a  common  proportion  for  the  depth  of 
the  beam  is  the  diameter  of  the  cylinder ;  and  a  common  pro- 
portion for  the  length  of  stroke  is  twice  the  diameter  of  the  cyl- 
inder, while  the  length  of  the  beam  is  commonly  made  equal  to 
three  times  the  length  of  the  stroke.  With  these  proportions 
the  length  of  the  beam  will  be  equal  to  six  times  its  depth ;  and 
as  the  edge  of  the  beam,  above  or  below  the  main  centre,  will 
in  such  a  beam  have  only  one-sixth  of  the  motion  that  the  end 
of  the  beam  has,  the  strain  at  that  part  divided  between  the 
two  edges  of  the  beam  will  be  six  times  as  great  as  the  stress 
exerted  on  the  piston.  For  every  2,000  lbs.  pressure,  therefore, 
on  the  piston,  there  must  be  about  three  square  inches  of  sec- 
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tianal  area  in  the  upper  and  lower  flanges  or  mouldings  of  the 
beam,  or  six  square  inches  between  the  two ;  while  the  web  of 
the  beam  is  made  merely  strong  enough  to  keep  the  upper  and 
kwer  flanges  in  their  proper  relative  positions. 

It  will  be  obyious  from  these  considerations,  that  the  prin- 
dple  of  wrtual  wloeities  enables  us  to  compute  the  amount  of 
itnin  existing  at  any  part  of  any  machine  or  engine,  as  we  have 
odIj  to  suppose  the  part  to  be  broken,  and  to  see  what  amount 
of  motion  the  broken  part  wiU  have  relatively  with  the  motion 
of  the  prime  mover,  to  determine  the  amount  of  the  strain.   We 
om  also  easily  discern,  by  keeping  this  principle  in  view,  how  it 
vmm  that,  in  the  case  of  marine  or  other  engines  arranged  in 
piin,  with  the  cranks  at  right  angles  with  one  another,  one  of 
tito  engines  is  so  often  broken  by  water  getting  into  the  cylin- 
^;  and  how  necessary,  therefore,  it  is  that  such  engines  should 
^  provided  with  safety-valves,  so  euable  the  water  shut  within 
tiie  (^linder  to  escape.    For  if  water  gets  into  one  cylinder,  and 
if  at  or  near  the  end  of  the  stroke  the  slide-valve  shuts  off  the 
<XRnmnmcation  both  with  the  boiler  and  with  the  condenser,  as 
is  a  common  state  of  things,  it  will  foUow  that  the  water  shut 
viQiin  the  cylinder,  being  unable  to  escape,  wiU  resist  the  de* 
went  of  the  piston.    As,  moreover,  the  crank  of  one  engine  is 
Tertacal,  while  that  of  the  other  is  horizontal,  and  as  when  ver- 
tieal  the  crank  is  virtually  an  elbow-jointed  lever,  it  will  foUow 
^  one  ^igine,  with  its  greatest  leverage  of  crank,  is  moving 
into  the  vertical  position  the  crank  of  the  other  engine,  in  which 
poffltion  it  will  act  like  an  elbow-jointed  lever,  or  the  lever  of  a 
Stanhope  press,  in  forcing  down  the  piston  on  the  water,  with  a 
prefleore  that  is  infinite ;  and  as  the  water  is  nearly  incompress- 
iUe,  and  as  in  the  absence  of  escape- valves  it  cannot  get  away, 
wme  part  of  the  engine  must  necessarily  break.    The  smallor 
the  quantity  of  water  shut  within  the  cylinder,  so  long  as  it  re- 
fflsts  the  piston,  the  greater  the  breaking  pressure  will  be ;  as  the 
crank  will,  in  such  case,  come  more  nearly  into  the  vertical  po- 
sition where  the  downward  thrust  that  it  exerts  is  greatest; 
whereas,  if  there  be  any  large  volume  of  water  shut  within  the 
cylinder,  the  piston  will  encounter  it  before  the  crank  comes 
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near  the  vertical  poffltion,  and  also  before  the  orank  of  the  other 
engine  comes  into  the  horizontal  poatkm  in  which  it  ezerta  the 
greatest  leverage  in  turning  ronnd  the  shaft,  as  it  does  when  the 
engine  is  at  half  stroke.  In  these  as  in  all  other  cases  in  whioh 
we  wish  to  investigate  the  strain  produced  in  anymachine^  or  in 
anjpa/rt  of  any  machine,  by  any  given  pressure  applied  in  any 
direction,  whether  obliqne  or  otherwise,  we  have  only  to  9011- 
sider  the  amoont  of  motion — ^in  the  direction  in  which  the  strain 
acts— of  that  particular  part  which  endores  the  stndn  or  00m- 
mnnicates  the  pressure,  relatively  with  the  amount  of  Bimnto- 
neons  motion  in  the  prime  mover.  And  if  the  ultimate  motion 
be  a  tenth,  a  hundredth,  or  a  thousandth  part  of  the  original 
motion,  so  will  the  strain  or  pressure  exerted  by  the  prime  mover 
at  the  part  where  the  motion  is  first  communicated  be  multiplied 
ten,  a  hundred,  or  a  thousand  fold. 

NATURE  OF  MECHANICAL  POWER. 

MecJutnieal  power,  or,  as  it  is  sometimes  defined,  worh,  or  cti 
viva,  is  pressure  acting  through  space ;  and  the  law  of  the  con> 
servation  of  force  teaches  that  power  once  produced  cannot  be 
annihilated,  though  it  may  be  transformed  into  other  forces  of 
equivalent  value.  In  all  machines  a  certain  proportion  of  the 
power  resident  in  the  prime  mover  is  lost,  while  the  rest  is  ntilr 
ised  and  is  rendered  available  for  the  performance  of  those 
labours  for  which  power  is  required.  Thus,  in  a  waterwheel,  the 
theoretical  value  of  the  fall  is  that  due  to  a  certain  weight  of 
water  gravitating  through  a  certain  number  of  feet  in  the  min- 
ute; and  if  we  know  the  height  of  the  fall,  and  the  discharge 
of  water  in  a  ^ven  time,  the  theoretical  value  of  such  a  fall  can 
be  easily  computed.  But  by  no  species  of  hydraulic  instrument^ 
whether  a  waterwheel,  a  turbine,  a  water-pressure  engine,  a 
Barker's  mill,  or  any  other  machine,  can  the  whole  of  the  power 
be  abstracted  from  the  fall,  and  be  made  available  for  useM 
purposes.  About  80  per  cent,  of  the  theoretical  power  of  a 
waterfall  is  considered  to  be  a  very  satisfactory  result  to  obtain 
in  practice ;  and  the  rest  is  lost  by  impact  and  eddies^  and  by 
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the  friction  of  the  water  and  of  the  machine.  Id  the  steam- 
engine  the  motive  force  is  not  gravity,  but  heat ;  and  just  in  the 
same  way  as  power  is  imparted  by  water  in  descending  from  a 
higjher  to  a  lower  level,  so  is  power  imparted  by  heat  in  descend- 
ing from  a  bigher  to  a  lower  temperature.  These  two  tempera- 
tures are  the  the  temperature  of  the  boiler,  and  the  temperature 
of  the  oondenser;  and  it  is  dear  that  if  the  condenser  were  to 
be  made  as  hot  as  the  boiler,  the  motion  of  the  engine  would 
cease.  And  jnst  as  in  a  waterfall  there  is  a  certm9  theoretical 
power  dne  to  the  quantity  of  gravitating  matter  and  the  differ- 
ence of  level,  so  in  a  steam-engine  there  is  also  a  certain  theoret- 
ical power  due  to  the  quantity  of  heated  matter,  and  the  differ- 
ence of  temperature ;  but  in  utilising  the  power  of  steam-en- 
gines, this  tiieoretical  limit  is  not  approached  so  nearly  as  in  hy- 
draulic machines.  The  great  fault  of  the  steam-engine  is  that 
the  larger  part  of  the  attainable  fall  is  lost.  Thus,  if  we  sup- 
pose the  temperature  of  the  furnace  to  be  2,500°  Fahrenheit,  and 
the  temperature  of  the  boiler  to  be  250°,  while  that  of  the  con- 
denser is  100^,  we  utilise  pretty  effectually  the  power  represented 
by  the  difference  in  temperature  between  100°  and  250° ;  but 
the  difference  between  250°  and  2,500°  is  not  utilised  at  aU. 
The  consequence  of  this  state  of  things  is  that  not  above  ens' 
teiUh  of  the  power  theoretically  due  to  the  fuel  consumed,  is 
ntiHsed  in  the  best  modem  steam-engines — ^the  rest  being 
thrown  away. 

MECHANICAL  EQinVALENT  OF  HEAT. 

If  the  law  of  the  conservation  of  force  be  an  invariable  law 
of  nature,  we  shall  naturally  expect  to  find  that  the  power  which 
is  consumed  when  a  steam-engine  or  other  machine  is  set  to  ex- 
ecute useful  work,  reappears  as  an  equivalent  force  in  some 
other  form.  This  consequentiy  is  the  case.  When  an  engine  is 
employed  to  pump  water,  we  have  obviously  the  equivalent  of 
the  force  in  the  water  pumped  to  a  higher  level ;  and  if  this 
water  were  suffered  to  flow  back  again,  so  as  in  its  descent  to 
generate  power,  we  should  again  have  the  power  we  before 
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spent,  with  the  dednctions  due  to  the  imperfections  of  the  appa- 
ratus employed.  In  the  case  of  an  engme,  however,  which  ex- 
pends its  power  in  friction,  or  in  such  work  as  the  propulsion 
of  a  vessel  through  the  water,  the  reproduction  of  the  equivalent 
of  the  power  expended  is  not  so  easily  perceived.  But  in  these 
cases,  also,  it  has  been  proved  by  careful  experiment,  that  the 
law  of  the  conservation  of  force  equally  obtains.  Friotlan, 
whether  of  solids  or  liquids,  produces  heat ;  and  in  the  case  of 
an  engine  which  expends  its  power  on  a  friction  brake,  or  on 
any  other  analogous  object,  an  amount  of  heat  will  beproduoed, 
such  as,  if  it  could  be  used  without  loss  in  a  perfect  eng^iie^ 
would  exactly  reproduce  the  amount  of  power  expended.  Idi 
the  case  of  a  vessel  propelled  through  the  water,  the  power  is 
mainly  consumed  in  overcoming  the  friction  of  the  water  on  the 
bottom  of  the  vessel,  and  a  part  is  also  expended  in  moving  the 
water  to  a  greater  or  less  extent ;  and  whatever  motion  the 
water  acquires,  implies  a  corresponding  loss  of  power  by  the  en- 
gine, which  power  is  ultimately  expended  in  moving  the  partir 
des  of  water  upon  one  another.  In  such  operation  heat  is  pro- 
duced ;  which  heat,  if  it  could  be  utilised  without  loss  in  an 
engine,  would  exactly  reproduce  the  power  expended.  It  has 
been  found  by  careful  experiment,  that  if  the  power  developed 
by  the  descent  of  a  pound  weight  through  772  feet  be  expended 
in  agitating  a  pound  of  water,  it  wiU  raise  the  temperature  <tf 
that  water  1°  Fahrenheit.  The  fall  of  any  given  quantity  of 
water  through  772  feet  is  consequently  called  the  MeohoMUfkl 
Equivalent  of  the  heat  required  to  raise  the  same  quantity  of 
water  one  degree  in  temperature ;  since  theoretically  the  two 
values  are  equivalent,  and  practically  the  power  will  produce 
the  heat.  But  we  have  not  yet  any  form  of  apparatus  by  which 
the  heat  would  produce  the  power ;  and  before  we  can  poasess 
such,  we  must  have  an  engine  ten  times  better  than  the  best 
form  of  steam-engine  at  present  in  use.  There  is  every  reason 
to  believe  that  there  is  a  definite  quantity  of  mechanical  power 
or  energy  in  the  universe,  the  amount  of  which  can  neither  be 
increased  nor  diminished,  though  it  may  be  transformed  from 
one  shape  into  another;  and  heat,  light,  electricity,  and  aU 
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dhemioal  and  vital  phenomena  are  merely  phases,  more  or  less 
(xnnplex  and  disguised,  of  the  same  elementary  force. 

LAWS  OF  FALLING  BODIES. 

Bodies  fEdling  to  the  earth  hj  gravity  are  drawn  thither  by  a 
^ecies  of  attraction— constant  in  amonnt — ^whioh  acts  in  a  man- 
ner similar  to  that  which  reveals  itself  when  two  bodies  in  op- 
posite electrical  states  are  brought  into  proximity.  We  do  not 
faiow  with  any  certainty  the  cause  of  gravity.  Bat  we  know 
tiiat  it  would  be  qnite  impossible  for  one  body  to  act  npon 
another  without  some  link  to  connect  the  two  together;  and  the 
most  probable  supposition  is,  that  as  sound  is  a  pulsation  of  the 
air,  caused  by  pulsations  of  the  sounding  body,  and  as  light  is  a 
pulsation  in  the  ether  which  fiUs  all  space,  caused  by  pulsations 
of  the  illuminating  body,  so  gravity  is  a  similar  pulsation  in  the 
etlia^  or  a  pulsation  in  another  kind  of  ether,  caused  by  the  pul- 
sations of  the  attracting  body.  We  know  by  experience  that  sim- 
ilar pulsations  may  be  generated  in  a  piece  of  iron  by  sending  an 
deetrio  current  through  it  under  certain  conditions,  and  which, 
for  the  time,  transforms  the  iron  into  a  magnet,  which  will  at- 
tract iron  in  the  same  way  in  which  the  earth  attracts  heavy 
IxKlies:  and,  in  like  manner,  a  piece  of  amber  or  of  sealing-wax 
may  be  made  to  attract  straws,  pieces  of  paper,  and  other  light 
substances,  by  being  briskly  rubbed.  The  phenomena  of  the 
gyroscope  seem  to  show  that  gravity  takes  an  appreciable  time 
to  act  if  a  heavy  wheel  set  on  the  end  of  a  horizontal  shaft, 
wMdi  is  sustained  by  two  suitable  supports,  be  put  into  rapid 
rotatioD,  the  support  nearest  the  wheel  may  be  taken  away 
'  trithout  the  wheel  fedling  down,  from  which  it  appears  that  the 
pulsations  which  produce  gravity  may  be  so  confounded  together 
by  tibe  rapid  change  in  the  position  of  the  wheel,  and  conse- 
quently in  the  rapid  change  in  the  direction  of  the  attracting 
pulses  or  waves,  that  the  phenomena  of  gravity  are  no  longer 
exhibited,  or  what  remains  of  them  is  manifested  in  a  horizontal 
direction  instead  of  in  a  vertical — ^the  wheel  having  shifted  into 
or  towards  that  direction  before  the  pulsations  have  had  time 
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to  be  completed.  We  know  from  expeiienoe  that  Gcmflioting 
sounds  may  be  made  to  prodaoe  silence,  and  that  conflicting 
lights  may  be  made  to  produce  darkness ;  and  in  like  manner,  it 
would  appear,  that  a  conflict  in  the  pulsations  which  are  the 
cause  of  gravity  may  sensibly  impair  or  destroy  that  grayity. 
It  has  long  been  known  that  sunlight  consists  of  light  of  those 
different  colours  which  are  exhibited  in  the  rainbow,  and  that 
the  phenomena  of  colours  in  natural  objects  is  produced  l^  the 
property  those  objects  have  of  absorbing  some  rays,  and  reflect- 
ing others,  so  that  in  a  red  object  the  whole  of  the  rays  except 
the  red  rays  are  absorbed — and  they  are  reflected;  and  in  a 
blue  object  the  whole  of  the  rays  except  the  blue  rays  are  ab- 
sorbed— and  they  are  reflected;  and,  as  only  the  reflected  rays 
meet  the  eye,  the  objects  appear  of  a  red  or  blue  colour.  It  hai 
also  long  been  known  that  in  black  objects  the  whole  of  the  nyi 
are  absorbed,  and  none  reflected;  and  in  white  objects  that  the 
whole  are  reflected  and  none  absorbed.  But  the  resources  of 
photography  also  enable  us  to  know  that  there  is  a  species  oi 
light  which  is  in/vmble — ^which  has  no  colour,  and  no  illuminat- 
ing power,  but  which  reveals  its  existence  by  the  effect  it  pro- 
duces on  photographic  preparations.  The  use  of  these  photo- 
graphic preparations  is  consequently  equivalent  to  the  acquisition 
of  a  distinct  sense ;  and  one  of  the  most  important  problems  in 
philosophy  is  to  discover  how  we  may  acquire  the  use  of  artificia. 
senses,  whereby  we  may  more  effectually  interrogate  nature. 
There  maybe  rays  in  sunlight,  and  modes  of  communication  be- 
tween one  body  and  another,  of  which  we  have  no  distinct  con- 
ception yet ;  but  there  must  be  a  mode  of  communication,  ai 
some  kind  or  other,  in  every  case  in  which  cause  and  effect  are 
known  to  exist. 

The  force  of  gravity,  like  the  force  of  light  or  of  sound,  varies 
in  strength  with  the  extension  of  the  orb  of  propagation ;  or,  in 
other  words,  it  diminishes  in  intensity  according  to  a  ^ven  law 
with  the  distance  from  the  earth's  surface.  Nor  is  this  foroe 
precisely  the  same  m  all  parts  of  the  world,  as  near  the  equator 
it  is  partly  counteracted  by  the  operation  of  the  centrifugal 
force  due  to  the  earth's  rotation.    But  all  these  disturbing  causes 
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ai<e  of  too  little  effect  to  be  worth  noticing  ftirther  m  a  work  of 

Hob  kind;  and  for  all  practical  purposes  we  may  reckon  the 

&roe  of  gravity  as  uniform  in  all  ages,  and  at  all  parts  of  the 

earth's  surface.     Now,  as  power  is  pressure  acting  through 

apaoe^  a  falling  body  just  before  it  reaches  the  earth  must  have 

a  oertain  proportion  of  mechanical  power  stored  up  in  it  which, 

if  Sgain  used  to  raise  the  weight,  would  carry  it  up  once  more  to 

its  original  portion.    This  action  we  observe  in  a  pendulum.    If 

we  rnise  the  ball  of  a  pendulum  sideways  through  any  given 

elevatian,  it  wiU  accumulate  so  much  power  or  momentum  in  its 

desoent  through  the  arc  in  which  it  swings,  as  to  carry  it  up  to 

the  same  hdght  on  the  opposite  side  of  the  arc,  or  at  least  it  will 

do  so  nearly^  and  would  do  so  wholly  but  for  the  Motion  of  the 

supending  point  and  of  the  atmosphere,  which  will  cause  some 

tfJE^t  diminution  in  the  amount  of  elevation  at  each  successive 

bett   If  a  hole  could  be  made  through  the  centre  of  the  earth, 

ad  a  ball  were  suffered  to  drop  down  it,  the  velocity  would  go 

on  aooelerating — supposing  there  were  no  resisting  atmosphere 

-HtBtil  the  centre  of  the  earth  were  reached ;  and  the  ball  would 

then  pursue  its  course  with  a  velocity  gradually  diminishing  un- 

^  it  reached  the  surface  at  the  antipodes,  when  it  would  come 

to  reat,  and  return — circulating  on  for  ever  from  surface  to  sur- 

^  in  a  manner  similar  to  that  in  which  a  pendulum  beats  in 

its  are.    If  we  suppose  an  atmosphere  to  be  introduced  into  the 

lude  or  tunnel,  then  the  ball  would  go  on  accelerating  only  until 

tbo  resistance  of  the  atmosphere  balanced  the  weight,  after 

which  no  further  acceleration  would  take  place.    This  is  the 

8UQ6  action  that  exists  when  a  railway-train  or  a  steam-vessel 

is  put  Into  motion  by  an  engine.    In  each  case  the  train,  or 

steamer,  continues  to  accelerate  until  the  resistance  of  the  air 

or  of  the  water  balances  the  propelling  force,  after  which,  an 

e^poise  being  established,  no  further  acceleration  takes  place. 

The  velocity  which  bodies  acquire  by  falling  freely  by  gravity 
proceeds  according  to  a  known  law,  and  it  is  consequently  easy, 
when  we  know  the  height  from  which  a  body  has  fallen,  to  de- 
termine its  velocity ;  or  conversely,  when  we  know  its  velocity, 
ve  can  easily  tell  from  what  height  it  must  have  descended. 
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Sinoe,  too,  power  ia  meaaurable  hj  the  distanoe  through  which 
&  glvea  weight  is  lifted,  or  throogh  wbidi  it  desoendB,  it  heotuiiM 
easy  to  tell  when  we  know  the  weight  and  relodtj  of  any  bodj, 
how  mach  power  there  is  stoied  up  in  i^  mnc«  this  power  will, 
in  &ct,  he  represented  hy  the  weight  multiplied  hy  the  hdght 
through  which  the  body  must  have  &llen  to  aoquiie  its  relod^. 
If  the  Bucoessive  addidons  of  velodty  whioh  a  foUea  bodjr 
recciyea  in  each  second  of  its  &11 — namely,  B2^  feet — be  rtipn- 
«ented  by  the  letter  g,  then  the  different  relatlona  of  the  time  ct 
falling,  the  nlfonate  velocity,  and  the  height  Mien  throng  wSI 
be  as  foUowB : — 
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The  same  relatdouB  are  shown  more  in  detui in  the  following taUq: 
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BULES. 


10  TIHD   THB    TXLOOITT   AOQTJEEEED  BT  A  HBAYT  BODY  IS  FAUr 
JS&  THBOUGH  Ajrr  OIYSN  HEIGHT. 

BuuL — Midty^ly  the  square  root  of  the  height  in  feet  through 
iMfch  the  "body  has  fallen  "by  the  constant  number  8*021.  The 
result  wUl  be  the  wlocity  in  feet  per  second  tohich  the  body 
wiU  have  attained. 

Example. — Sappose  a  leaden  bullet  to  be  dropped  from  a 
bfli^^t  of  400  feet:  with  what  Telocity  will  it  strike  the 
gnxDidf 

Here  the  square  root  of  400  is  20,  and  20,  multiplied  bj 
SKtSl— 160'42,  which  is  the  velocity  in  feet  per  second  which  the 
Indlet  wiU  have  acquired  on  reaching  the  ground. 

The  same  result  is  attained  by  multiplying  the  space  fallen 
tiirou^  in  feet  by  .64*888,  and  extracting  the  square  root  of  the 
product,  which  will  be  the  velocity  in  feet  per  second. 

VELOCITY   7B0M  TTITB. 

TO  USD  THE  VELOOITT  IS  YERT  FEB  SECOND  WHIOH  A  BODY 
WILL  A0QI7IBE  BT  VAUJSa  FBEELT  DITBIKa  AITT  GIVEir  ZTUlf- 
BKB  OF  SECONDS. 

'&ULR,'^Multiply  the  number  of  seconds  occupied  in  falling  by 
82*166.  The  result  is  the  velocity  of  the  body  in  feet  per 
second. 

Example. — Suppose  a  stone  to  be  dropped  from  such  a  height 
that  it  requires  four  seconds  to  reach  the  ground,  what  velocity 
win  the  stone  have  acqxdred  at  the  end  of  its  descent  ? 

Here  four  seconds  multiplied  by  32-166=128-664,  which  is 
the  velocity  in  feet  per  second  that  the  stone  will  have  acquired 
on  reaching  the  ground. 
5 
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TO  FIND  FBOM  THE  YELOOITY  AOQtriBED  BY  A  FALLDTa  BODY 
THE  HEIGHT  FBOM  WHICH  IT  MUST  HATE  FALLEN,  AND  ALSO 
THE  TIME  OF  THE  DESCENT. 

Btjle. — Divide  the  squa/re  of  the  acquvred  velocity  in  feet  per 
second  by  64*888,  which  will  give  the  height  in  feet  from 
which  the  lody  must  ha/oe  fallen;  and  divide  the  height  JbUen 
by  the  constant  number  16*083,  and  extract  the  square  root 
of  the  quotient,  which  will  be  the  time  of  descent  in  teoands. 

Example, — ^If  a  stone  dropped  from  the  summit  of  a  tower 
strike  the  gronnd  with  a  velocity  of  120  feet  per  second,  what 
will  be  the  height  of  the  tower,  and  what  the  time  oconpied 
by  the  stone  in  its  descent? 

Here  120  sqaared=14400  and  144400  divided  by  64*88^ 
228*84,  which  is  the  height  of  tiie  tower.  Further,  228*84 
divided  by  the  constant  nmnber  16*088=18*9,  the  sqnare  root  of 
which  is  8*72,  which  will  be  the  time  in  seconds  that  the  stone 
will  have  taken  to  fall  228*84  feet. 


HEIGHT  FBOU  THEE. 

TO  FIND  FBOM  THE  TIME  OCCUPIED  IN  THE  DESCENT  OF  A  FALL' 
ING-  BODY  WHAT    THE    HEIGHT  IS  FBOM  WHICH  IT  MUST  HAV^ 
DESCENDED. 

Bttle. — Multiply  the  square  of  the  time  occupied  in  the  descend 
in  seconds  by  the  constant  nurnber  16*088.  The  product  i0 
the  height  in  feet  from  which  the  body  must  ha/ee  fallen. 

Exa/mple, — ^If  a  stone  when  suffered  to  fall  into  a  weU  strikes 
the  surface  of  the  water  in  four  seconds,  what  is  the  depth  of  the 
well  to  the  surface  of  the  water? 

Here  4  seconds  squared=16  seconds,  and  16  multiplied  by 
16*088 =257i  feet,  which  is  the  depth  of  the  well  to  the  sor&oe 
of  the  water. 
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XIKB  PBOM  YEIiOCZTT. 

10  USD  TflB  TDfB  IN  BSOONDS  DUBINa  WHICH  ▲  HBATY  BODY 
MUiaT  HAYB  OONTmUBD  TO  FALL  TO  ATTAIN  ANY  GIVEN 
VKLOdTY. 

fiuiE. — ]}ivide  the  velocity  in  feet  per  second  dy  the  constant 
number  82*166.  The  quotient  is  the  number  of  seconds 
dwring  uihich  the  body  must  ha/oe  continued  to  fall  to  attain 
its  velocity, 

Sxample. — ^If  a  stone  in  falling  has  attained  a  velocitj  on 
reaching  the  gronnd  of  128*664  feet  per  second,  how  many  sec- 
onds mnst  it  have  occnpied  in  its  descent? 

Here  128*664  divided  by  32-166=4,  which  is  the  nnmber  of 
seconds  that  the  stone  mnst  have  continued  to  fall  to  attain  its 
vdodly. 

TIME  TROmL  HTTTGHT. 

10    nND     THB     TIMS     IN    WHICH    A     HEAVY    BODY    WILL     FALL 

THEOUGH  A   GIVEN   HEIGHT. 

Rule. — Divide  the  height  ^pressed  infect  by  the  constant  numn 
ler  16*083,  and  extract  the  squa/re  root  of  the  quotient^  which 
mil  give  tJie  time  in  seconds  in  which  the  hea/oy  body  'will 
fall  through  the  given  height. 

Example, — Suppose  a  stone  to  be  let  fall  from  a  tower  400 
feet  high,  in  what  time  wiU  it  reach  the  ground  ? 

Here  400  divided  by  16*083=24*87,  and  the  square  root  of 
24'87  is  4*986,  or  very  neaiiy  6  seconds,  which  is  the  time  that 
would  elapse  before  the  stone  reached  the  ground. 

TO  FIND  THE  NUMBEB  OF  FEET  PASSED  THEOUGH  BY  A  FALLING 
BODY  IN  ANY  GIVEN  SECOND  OF  ITS  DESCENT. 

Rule. — Multiply  the  number  of  the  second  by  82 J  and  subtract 
from  the  product  l^j^»  The  remainder  will  be  the  number 
of  feet  passed  through  in  the  second  given. 
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JExomple. — ^To  find  the  number  of  feet  passed  through  hj  a 
falling  bodj  in  the  ninth  second  of  its  descent. 

Here  we  haye  9  x  32  J=289i— 16^=278^,  which  is  the 
number  of  feet  passed  through  in  the  ninth  second  of  the  deeoenti 

MOTION  OF  FLUIDS. 

The  yelocitj  with  which  water  will  flow  ont  of  a  hole  at  the 
ride  or  in, the  bottom  of  a  cistern,  will  be  the  same  as  that  wMch 
a  heayy  bodj  wiU  acquire  in  falling  from  the  leyel  of  the  water 
surface  to  the  leyel  of  the  orifice,  and  may  easily  therefore  be 
computed  bj  a  reference  to  the  laws  of  falling  bodies.  The 
atmosphere  exerts  a  pressure  of  about  14*7  lbs.  per  square  inch, 
or  2116*4  lbs.  per  square  foot,  on  all  bodies  on  the  earth's  sur- 
face ;  and  if  the  atmosphere  be  pumped  out  of  the  space  beneatii 
a  piston,  while  suffered  to  press  on  its  upper  surface,  the  pistol 
wiU  be  forced  downward  in  its  cylinder  with  a  pressure  of  14*7 
lbs.  on  each  square  inch  of  the  piston's  area.  In  a  common 
sucking  pump  the  water  is  drawn  up  after  the  piston,  in  conse- 
quence of  the  production  of  a  partial  yacuum  beneath  the  piston; 
and  the  water  in  the  well  being  subjected  to  the  pressure  of  the 
atmosphere  while  the  pressure  is  remoyed  from  the  water  in  the 
pump  barrel,  the  water  rises  in  the  suction  pipe,  and  would  oon* 
tinife  to  do  so  if  the  pump  were  raised  farther  and  further  up^ 
until  a  column  of  water  had  been  interposed  between  the  pmop- 
barrel  and  the  well  sufficiently  high  to  balance  the  weight  of  tiie 
atmosphere.  The  water  will  cease  to  rise  any  higher  after  tibi0 
altitude  has  been  attained. 

When  we  know  the  weight  of  a  cubic  inch  or  cubic  fi)ot  of 
water,  it  is  easy  to  tell  the  number  of  cubic  inches  or  cubic  feet 
that  must  be  piled  upon  one  another  to  produce  a  weight  of 
14*7  lbs.  on  the  square  inch  or  2116*4  lbs.  on  the  square  foot; 
and  it  will  be  found  to  be  408  cubic  inches  in  the  case  of  tlie 
cubic  inches,  or  a  column  1  inch  square  and  34  feet  high,  or  84 
cubic  feet  in  the  case  of  the  cubic  feet.  Mercury  being  about 
13*6  times  heavier  than  water,  a  column  of  mercury  1  incb 
square  and  80  inches  high  will  weigh  about  15  lbs.    A  colomn 
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of  air  lii^  enough  to  weigph  15  IbcL,  will  be  778*29  times  higher 
than  a  oolumn  of  water  of  the  same  weight — ^water  being  773*29 
timea  heayier  than  air  at  the  ordinary  barometric  density  of  29*9 
inehee  of  meronrj.  In  other  words,  the  height  of  a  oolumn  of 
air  1  inch  square  and  the  same  density  as  that  on  the  earth's 
Bor&oe,  that  will  weigh  15  lbs.,  wiU  be  84x778*29  —  25521-86 
feet,  or  taMng  the  atmospheric  pressure  at  14*7  lbs.,  the  height 
will  be  26214  fbet.  The  velooity  therefore  with  which  water 
fin  rush  into  a  yaouum,  will  be  equal  to  that  which  a  heavy 
body  will  acquire  in  falling  through  a  height  of  84  feet.  The 
velocity  with  which  mercury  will  flow  into  a  vacuum,  will  be 
eqoal  to  that  which  a  heavy  body  will  acquire  by  falling  through 
a  height  of  2^  feet ;  and  the  velocity  with  which  air  will  flow 
inio  i  vacuum,  will  be  equal  to  that  which  a  heavy  body  wHl 
aoqolre  by  falling  through  a  height  of  26214  feet.  Now  the 
▼ekxnty  which  a  heavy  body  will  acquire  in  falling  through  84 
ftet  will  be  equal  to  the  square  root  of  84,  which  is  5*8  multi- 
plied by  the  constant  number  8*021 ;  or  it  will  be  46*5218  feet 
per  second,  which  consequently  vdll  be  the  velocity  with  which 
Water  will  flow  into  a  vacuum.  The  velocity  with  which  mer- 
earywill  flow  into  a  vacuum  will  be  12*88  feet  per  second, 
kt  the  square  root  of  2^  is  1*6  nearly,  and  1*6  multiplied  by 
8K)ai  — 12*8886.  The  velocity  with  which  air  weighing  0*080728 
Ik  per  cubic  foot  will  flow  into  a  vacuum  will  be  1298.5999 
toper  second;  for  the  square  root  of  26214  is  161*9  nearly, 
whioh  multiplied  by  8*021  — 1298*5999  feet  per  second.  The 
dflDsity  of  the  air  here  supposed  is  the  density  at  the  tempera- 
tore  of  melting  ice.  At  the  ordinary  atmospheric  temperatures 
the  density  will  be  somewhat  less ;  and  if  the  density  be  taken 
•0  that  the  height  of  the  homogeneous  atmosphere,  as  it  is 
ealled,  or  of  that  imaginary  atmosphere  which  produces  the 
preaanre — and  which  is  supposed  to  be  of  uniform  density 
throughout  its  depth — is  27,818  feet,  then  the  velocity  of  the  air 
rushing  into  a  vacuum  will  be  a  little  greater  than  what  it  has 
been  here  reckoned  at,  or  it  will  be  1838  feet  per  second. 
These  yelocities  it  will  be  understood  are  the  theoretical  veloci- 
ties, which  can  in  no  case  be  exceeded ;  but  which  are  fallen 
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short  of  in  practice  to  a  greater  or  less  extent,  depending  oi 
size  and  form  of  the  orifice  throagh  which  the  air  eaters,  and 
other  analogous  circnmstances. 

The  veIocit7  with  which  ateam  or  any  vapour  or  gas  what- 
ever will  rush  into  a  Tflcnum,  can  easily  he  determined  when 
we  know  ita  pressure  and  density;  for  taking  into  account  the 
denfiity,  or  the  weight  of  one  cubic  foot,  we  have  merely  to  see 
how  many  of  these  cubic  feet  must  be  piled  upon  one  another 
to  prodaoe  the  given  pressure  or  weight  upon  the  aqnare  foot  of 
base;  and  the  velocity  will  be  in  every  coae  the  same  aa  tlftt 
which  B  heavy  body  wonld  acquire  in  falling  through  the  height 
of  the  column  required  to  produce  the  weight.  Thus  it  is  found 
that  the  density  of  steam  of  the  atmospheric  presaure  is  about 
1700  times  less  dense  than  water.  Mr.  Watt  reckoned  ihot  t 
cubic  inch  of  water  produced  a  cubic  foot  or  1728  cubic  inohee 
of  steam,  having  the  some  pressure  as  the  atmosphere ;  and  if' 
the  pressure  of  the  atmosphere  be  equal  to  the  pressure  pro- 
duced by  34  feet  of  water,  then,  if  we  reckon  ateam  as  17W 
times  less  dense  than  water,  it  would  require  1700  coloi 
Bteam,  each  34  feet  high,  placed  on  top  of  one  another,  to  exert 
the  same  weight  or  presaure  as  one  colnmn  of  water  34  feet 
high.  H'ow  1700  hundred  tiiuca  34  is  57800,  which  therefore  i* 
the  height  a  colamn  of  ateam  ITOO  times  less  dense  than  water 
would  require  to  have  in  order  to  balance  the  pressure  of  the 
atmosphere  or  of  84  feet  of  water.  The  velocity  which  a  body 
would  acquire  in  falling  throngh  a  height  of  S7800  feet,  is  INCH 
feet  per  second ;  for  the  square  root  of  67800  is  240'a  n 
and  340-2  multiplied  by  8-021 =1926-6443  feet  per  second,  y, 
is  consequently  the  velocity  with  which  steam  of  this  p 
would  rush  into  a  vacuum.  The  velocity  ^th  which  at 
a  greater  pressure  than  that  of  the  atmosphere  will  rush  into  I 
vacuum,  will  not  be  sensibly  greater  than  that  of  steam  rf  tj 
atmospheric  pressure.  For  as  the  density  of  the  eU 
in  nearly  the  same  ratio  as  ita  pressure,  the  column  will  reqok 
to  be  as  much  lower,  by  virtue  of  the  increased  denaity,  as  II 
reqaires  to  be  higher  to  give  the  increased  pressure.  In  v 
words,  the  height  of  the  theorelicd  colnmn  of  steam  t 
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to  produce  the  pressure,  will  be  nearly  the  same  at  all  pressures ; 
ance  a  low  colnmn  of  dense  steam  will  prodnce  the  same  press- 
ure as  a  high  colmnn  of  rare,  and  the  density  and  pressure  ad- 
Tttice  in  nearly  the  same  ratio.  It  may  hence  be  concluded  that 
steam  of  all  pressures  will  rush  into  a  vacuum  with  a  velocity 
<tf  about  2,000  feet  per  second,  if  the  vacuum  be  perfect  and  the 
flov  unimpeded. 

If  steam,  instead  of  being  suffered  to  escape  into  a  vacuum, 
be  made  to  issue  into  a  vessel  containing  steam  of  a  lower  press- 
ure^ the  velocity  of  efflux  will  be  the  same  as  that  which  a 
heavy  body  would  acquire  in  falling  from  the  top  of  the  column 
of  steam  required  to  produce  the  greater  pressure,  to  the  top  of 
a  lower  column  of  the  same  steam  adequate  to  produce  the 
lesser  pressure.  Thus  if  we  have  steam  with  a  pressure  of  two 
atmoq;>heres,  flowing  into  steam  with  a  pressure  of  one  atmos- 
I^we,  then,  inasmuch  as  the  density  or  weight  of  the  steam 
increases  very  nearly  in  the  same  proportion  as  its  pressure,  a 
oobio  inch  of  steam  with  a  pressure  of  two  atmospheres  will  be 
about  twice  as  heavy  as  a  cubic  inch  of  steam  with  a  pressure 
of  one  atmosphere.  Such  steam,  therefore,  instead  of  being 
1700  times  less  dense  than  water,  will  be  the  half  of  this  or  only 
850  times  less  dense  than  water.  A  column  of  this  steam, 
therefore,  850  times  34  feet =28900  feet  high,  will  exert  a  press- 
tire  of  one  atmosphere,  or  about  15  lbs.  on  each  sqnare  inch ; 
•nd  a  column  of  twice  this  height,  or  57800  feet,  will  exert  a 
pressure  of  two  atmospheres  or  80  lbs.  on  each  square  inch. 
The  velocity  with  which  the  steam  will  rush  from  one  vessel  to 
the  other,  will  be  the  same  as  that  which  a  heavy  body  would 
acquire  in  falling  from  the  height  of  the  column  of  the  denser 
ateam  required  to  produce  the  higher  pressure  to  the  top  of  the 
oolnmn  of  the  same  steam  of  such  height  as  would  produce  the 
len  pressure ;  and  as  in  this  case  the  heights  of  such  columns 
win  be  1700  X  34  feet,  and  850  x  34  feet,  or  57800  and  28900  feet, 
the  difference  of  height  will  be  28900  feet ;  and  the  velocity  of 
efflux  from  one  vessel  into  the  other  will  be  equal  to  that  which 
t  heavy  body  would  acquire  by  falling  through  a  height  of 
28900  feet.    Now  the  square  root  of  28900  is  170 ;  and  170 
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multiplied  hj  8*021 =1868-57  feet  per  seoond,  which  is  the  ve- 
locity with  which  steam  with  a  pressure  of  two  atmospheres 
would  msh  into  steam  with  a  pressm*e  of  one  atmosphere.  Thip 
conseqnentlj  may  he  reckoned  as  the  velocity  with  which  steam 
of  15  Ihs.  pressure  above  the  atmosphere  would  rush  into  the 
atmosphere.  Sach  velocities  at  different  pressures  are  exhibited 
in  the  following  table : — 

yXLOOITY  OF  BFFLIJX  OF  nXGH-FBESSUBB  STEAM  UTTO  TBS 

ATMOSPHXBE. 


Fnssnreof 

Telocity  of  firee 

Fressiireof 

Velodty  of  free 

Bteam  above  the 

efflux  in  feet  per 

steam  above  the 

efflux  in  feet  per 

•tmoiphere. 

neoond. 

atmosphere. 

second. 

lbs. 

feet 

lbs. 

fiset 

1 

482 

50 

1791 

2 

663 

60 

1838 

3 

791 

70 

1877 

4 

890 

80 

1919 

5 

978 

90 

1986 

10 

1241 

100 

1957 

20 

1604 

110 

1972 

80 

1648 

120 

1990 

40 

1729 

130 

2004 

This  table  is  computed  by  taking  the  difference  of  the  two 
pressures  for  the  effective  pressure,  which  effective  pressure  k 
expressed  in  pounds  per  square  inch,  divided  by  the  weight  of  a 
cubic  foot  of  the  denser  fluid  in  pounds,  and  the  square  root  of 
the  quotient  is  multiplied  by  96.  The  denser  the  fluids  are  tiM 
less,  it  is  clear,  will  be  the  velocity  of  efflux  which  a  given  diffv- 
ence  of  pressure  will  create ;  for  the  heights  of  the  colimms,  and 
also  the  difference  of  their  heights,  will  be  small  in  the  propor- 
tion of  the  density  of  the  denser  fluid.  The  more  dense  tha- 
fluid  is,  the  larger  becomes  the  mass  of  matter  which  a  {^vea 
pressure  has  to  move.  With  steam  of  16  lbs.  pressure  flowing 
into  steam  or  air  of  15  lbs.  pressure,  the  moving  pressure  is  1  lb., 
and  the  velocity  of  efflux  is  482  feet  per  second.  With  steam 
of  101  lbs.  pressure  flowing  into  steam  or  air  of  100  lbs.  pressure^ 
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the  moying  pressure  is  the  same,  bnt  the  velecily  of  efflux  will 
€0^  be  207  feet  per  second. 

INEBTIA  AND  MOMENTUM. 

When  a  body  is  moved  from  a  state  of  rest  to  a  state  of  mo- 
tion, or  from  a  slow  motion  to. a  faster,  power  is  absorbed  by 
the  body ;  and  when  a  body  is  bronght  from  a  state  of  motion 
to  rest,  or  from  a  fast  motion  to  a  slow  one,  power  is  liberated 
by  the  body.  The  qnality  which  enables  a  body  to  resist  the 
sodden  communication  of  motion  is  termed  its  Inertia;  and  the 
qiiality  which  enables  a  body  to  resist  the  sadden  extinction  of 
iDotion  is  termed  its  Momentum.  Whatever  power  a  body  ab- 
lorbg  in  being  put  into  motion,  it  afterwards  surrenders  in  being 
IffOQ^t  to  a  state  of  rest ;  and  the  amount  of  power  existing  in 
inj  moving  body  is  measurable  by  its  weight  multiplied  by  the 
square  of  its  velocity,  or  by  the  height  through  which  it  must 
haye  fidlen  by  gravity  to  attain  its  velocity. 

A  railway  carriage  of  ten  tons'  weight,  therefore,  moving  at 
t  speed  of  20  miles  an  hour,  will  have  as  great  a  momentum  as 
4  railway  carriages  weighing  10  tons  each  moving  at  the  rate  of 
10  milee  an  hour.    In  like  manner  the  momentum  of  a  cannon 
ball  moving  at  a  velocity  of  1,700  feet  a  second,  wiU  be  28,900 
times  greater  than  if  it  moved  at  a  speed  of  10  feet  per  second, 
sbce  the  square  of  1,700  is  to  the  square  of  10  as  28,900  to  1. 
Joflephns  mentions  that  some  of  the  battering-rams  employed  by 
titeSomans  in  Judea  were  90  feet  long,  and  weighed  1,500  tal- 
ents of  114  lbs.  to  the  talent,  or  76-8892  tons.    The  weight  of  a 
eninon  ball  which  has  the  same  amount  of  mechanical  power 
stored  up  in  it,  or  which  will  give  the  same  force  of  impact 
when  moving  at  a  speed  of  1,800  feet  per  second,  as  the  batter- 
faig-ram  will  do  when  moving  at  a  velocity  of  10  feet  per  second, 
em  easily  be  determined ;  for  we  have  only  to  multiply  76*3392 
tons  by  the  square  of  10  and  divide  by  the  square  of  1,800, 
which  will  give  '0028561  tons,  or  5-12776  lbs.,  as  the  weight  of 
(he  ball  required. 
6* 
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TO  FIND  THE  QUANTITY  OF  MEOHANIOAL  POWSB  EBQITEBED  TO  OOM- 
MTTNIOATE  DDTFEBENT  TELOOITIES  OF  MOTION  TO  HEATT  BODIES. 

BuLE. — Multiply  the  mass  of  matter  hy  the  height  due  to  tk$ 
velocity  it  hoe  acquired^  supposing  that  it  attained  Us  «9- 
lodl/y  ly  falling  "by  gravity.  The  product  is  the  meehaniedl 
power  communicated  in  generating  that  velocity  of  motion 
in  the  J)ody, 

Example  1. — Suppose  a  waggon  on  a  railway  to  weigh  2,500 
ponnds,  what  mechanical  power  most  he  commnnicated  to  it  to 
urge  it  from  rest  into  motion  with  a  yelocity  of  8  miles  an  hour, 
or  4-4  feet  per  second  ? 

Kow  here  the  height  in  feet  from  which  a  hodj  mnst  have 
fallen  to  acquire  any  giyen  velocity  will  he  the  square  of  thft 
velocity  in  feet  per  second  divided  hy  64J- ;  or  it  will  he  the 
square  of  the  quotient  ohttdned  hy  dividing  the  velocity  in  feet 
per  second  hy  the  square  root  of  64J,  or  8*021.  Now  4*4  -i-  8*081 
='5487,  the  square  of  which  is  *301  feet,  the  height  that  a  hody 
must  fall  to  acquire  a  velocity  of  8  miles  an  hour.  Henoe  fhe 
mechanical  power  communicated  is  2,500  Ihs.  x  *801  fb.— 759*8 
lbs.  descending  through  1  foot. 

Example  2. — ^Required  the  mechanical  effect  treasured  up  in 
a  cast-iron  fly-wheel,  the  mean  diameter  of  which  is  80  feet  wifli 
a  sectional  area  of  rim  of  60  square  inches,  and  maMng  20  tcooi 
in  the  minute. 

The  diameter  of  the  wheel  being  80  feet,  the  circumf<ntooft 
will  be  94*248  feet,  and,  as  the  wheel  makes  20  revolutions  ift 
the  minute,  the  velocity  of  the  rim  will  be  94*248  x  20 — 1884*9I 
feet  per  minute,  or  81*416  feet  per  second.  Again  the  cubiorf 
content  of  the  rim  in  cubic  feet  being  60  x  94*248-5-144—89*87 
cubic  feet,  and  the  weight  of  a  cubic  foot  of  cast-iron  being  458t 
lbs.,  we  have  39*27  x  468^=17794*22  lbs.  as  the  weight  of  tb* 
rim.  Hence  the  mechanical  effect  treasured  up  in  the  rim  d 
this  wheel  is  17794*22  x(81*416-^8-021)«=268,650  lbs.  «bib4  J 
one  foot  high.  This  it  will  be  observed  is  about  eight  aottfl 
horse-power.  The  mechanical  energy  with  which  the  fly-whH 
of  an  engine  is  generally  endowed,  is  equal  to  the  power  exerfcei 
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in  from  fbar  to  six  half  strokes  of  the  engine,  or  two  to  three 
complete  revolutions ;  so  that  the  flj-wheel  above  particularized 
is  saoh  as  wonld  be  suitable  for  an  engine  which  exerts  a  power 
of  four  actual  horses,  or  four  lames  83,000  pounds  raised  one 
liMt  high  in  each  revolution,  or  80  horses*  power. 

BODIES  REVOLVING  IN  A  CffiOLE. 

When  bodies  revolve  in  circles  round  fixed  axes  of  motion, 
tiie  different  particles  can  have  no  motion  except  in  circles  de- 
soribed  round  such  fixed  axes ;  and  the  velocities  of  the  particles 
oomposiDg  the  body  must  be  greater  or  less,  depending  upon 
their  distance  from  the  centre  round  which  the  body  revolves. 
To  applj  the  laws  of  falling  bodies  to  this  case  we  must  ima^e 
the  particles  composing  such  revolving  bodies  to  be  divided  and 
eoDeoted  into  several  small  bodies  situated  at  different  distances 
froQi  the  centre,  and  therefore  moving  with  different  velocities ; 
nd  then  we  may  determine  the  power  which  must  be  commu- 
Bleated  to  each  of  the  supposed  separate  bodies  to  give  it  the  ve- 
locity which  it  actually  possesses.  The  sum  of  all  the  powers 
80  determined  is  the  total  power  which  must  be  communicated 
to  the  body,  to  give  to  it  the  velocity  of  motion  with  which  it 
lotuaDy  revolves.  Thus  a  rod  moving  about  one  of  its  eirtrem- 
itiee  may  be  supposed  to  be  compounded  of  a  number  of  balls, 
Kke  a  string  of  beads  strung  on  a  wire.  The  velocity  of  each 
of  these  balls  can  then  be  ascertained,  which  will  enable  us  to 
compnte  the  mechanical  power  resident  in  it,  and  which  will  be 
fte  same  as  if  it  moved  in  a  straight  line.  The  sum  of  the  quan- 
tities thus  ascertained  will  be  the  total  mechanical  power  resi- 
st in  the  revolving  body. 


CENTRIFUGAL  FORCE. 

The  centrifugal  force  of  a  body  which  revolves  in  any  circle 
Id  a  given  time,  is  proportional  to  the  diameter  of  the  circle  in 
which  it  revolves.  Thus,  in  the  case  of  two  fly-wheels  of  the 
lame  weight  but  one  of  twice  the  diameter  of  the  other,  the 
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larger  wheel  will  have  twice  the  amount  of  oentrifligal  fbroe 
that  the  Email  one  has. 

The  centrifagal  force  of  a.  body  moTing  with  different  vdoo- 
ities  in  the  saroe  circle  is  proportional  to  the  square  of  the 
velocities  with  which  it  moves  in  that  circle ;  or,  what  is  the 
same  thing,  to  the  8<iuBre  of  the  nnmbor  of  revolutiona  per-     j 
formed  in  a  pven  time.     Thos,  the  flj-wheel  of  anj  engine  wiH    - 
have  fonr  times  the  amount  of  centrifugal  force  it  posaeBsed    1 
before,  if  driven  at  twice  the  speed.    In  Kr.  Watt'a  en^ee     I 
with  snn  and  planet  wheels,  in  which  the  fly-wheel  made  twice      i 
the  number  of  revolutions  made  by  the  engine,  the  fly-wheel     I 
had  four  times  the  centrifugal  force  that  would  be  possessed  by     , 
the  aawa  Jty-iBheel  if  conpled  immediately  to  the  orani. 

The  centrifugal  force  of  a  body  of  a  given  weight,  revolving 
with  a,  certain  uniform  velocity  in  a  circle  of  a  pven  diameter,  ' 
was  investigated  by  the  Marquis  de  rB6pital,  who  gave  the  role 
for  aaoertaining  tWs  force  that  is  now  generally  followed.  It  J* 
founded  on  the  consideration  of  the  height  from  which  the  bod; 
mnst  have  fallen  by  gravity  to  have  acquired  the  yelocaly  wilii 
which  its  centre  of  gyration  moves  in  the  circle  which  it  do- 
Bcribes.  Then  as  the  redins  of  that  cirde  is  to  double  the  height 
due  to  the  velocity,  ao  is  the  weight  of  the  body  to  its  oentriP-  \ 
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EnxB. — Divide  the  vchcity  in  fiet  per  second  liy  4-01,  wad  tha  , 
iguara  of  th«  quotient  is  four  timea  tlte  height  in  feet  due  t^ 
the  velocity.  Dinide  this  qnadmpUd  height  Sy  the  diameMr' 
of  the  eirele,  and  the  qtioUent  is  the  centrifugal  fotee  «jlA 
the  weight  of  the  iody  is  1  /  ameequently,  multiplying  it  if 
the  weight  of  the  body  gives  the  actual  centrifugal  force  i» 
foundt  or  torts. 

E^nfple  1. — Suppose  that  the  rim  of  a  fly-wheel  80  fbet  di- 
ame^,p)ja  wdghing  16718  lbs.,  moves  at  the  rate  of  27-40  Eset 
per^  „ud,  what  will  he  ita  centrifugal  force  f    Here  we  b&Te 


CEB1X1UFI70AL  FORCE  OF  FLT-WUEEL8.  109 

the  Telocity  27*49+4*01=6*85,  which,  sqimred,  is  46*9225 ;  and 
this,  divided  hj  80,  Ib  1*564 :  so  that  the  centrifbgal  force  is  1*564 
times  the  weight  of  the  body,  or  10*9T  tons. 

BBomple  2. — Suppose  that  the  rim  of  a  flj-wheel  which  is  20 
fbet  diameter  moves  with  a  velocity  of  32^  feet  per  second :  then 
82'16-i-4*01=8*02,  the  sqnare  of  which  Ib  64*82  feet,  which  is 
the  qiiadmpled  height  due  to  the  velocity,  and  this  divided  by 
20  feet  diameter  gives  8*216  times  the  weight  of  the  rim  as  the 
oentrifdgal  force. 

AiroTHEB  BULB. — Multiply  the  squa/re  of  the  number  of  revolu- 
Uoneper  minute  "by  the  diameter  of  the  circle  qf  revolution 
infeetj  and  divide  the  product  Jyy  the  constant  number  6S70; 
the  quotient  is  the  centrifugal  force  of  the  body  in  terms  af 
iU  weighty  which  is  supposed  to  be  1. 

Example  1. — Suppose  a  stone  of  2  lbs.  weight  is  placed  in  a 
sling,  and  whirled  ronnd  in  a  circle  of  4  feet  diameter,  at  the 
tale  of  120  revolutions  per  minute :  then  120  squared =14400  x  4 
feA  diameter=5T600-^5870=9*81  which  is  the  ratio  of  the  cen- 
triftagal  force  to  the  weight ;  and,  the  weight  being  2  lbs.,  the 
oentiifiigal  force  acting  to  break  the  string  and  escape  is  19*6  lbs. 

Example  2. — In  the  case  of  the  first  fly-wheel  80  feet  diam- 
eter, referred  to  above,  we  multiply  the  square  of  the  number 
of  revolutions  per  minute  (iTi)  by  the  diameter  of  the  circle  in 
feet  (80),  and  divide  the  product  by  5870 ;  which  gives  the  cen- 
trifugal force  in  terms  of  the  weight  of  the  body,  and  17^'  x  80 
+5870=1*664  as  before. 

TO  HND  THE  BATE  AT  WHIOH  A  BODY  MUST  BEVOLVB  IN  AITT  OIB- 
OLE,  THAT  ITS  OEZSTBIFUaAL  FOBOE  MAY  BE  EQUAL  TO  ITS 
WEIGHT. 

Rule. — Divide  the  constant  number  5870  by  the  diameter  of  the 
circle  infect^  and  the  squa/re  root  of  the  quotient  is  the  num- 
ber of  revolutions  it  will  m>aTce  per  minute^  when  the  centrif- 
ugal force  is  equal  to  the  weight. 

Example. — ^In  a  circle  of  6*5  feet  diameter,  a  body  must  re- 
volve about  80  times  a  minute  that  its  centrifugal  force  may  be 
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eqnal  to  its  weight;  for  5870-4-6*5=908,  the  sqaare  root  of 
whioh  is  80*05  revolations  per  nunute. 

The  mechanical  power  whioh  mnst  be  commimicated  to  a 
solid  disc  of  imiform  density,  to  make  it  reyolve  on  its  axis,  is 
the  same  as  that  which  must  be  commmucated  to  one-half  of  its 
weight  of  matter,  to  give  it  motion  in  a  straight  line  with  the 
same  velocity  with  which  the  circtimference  of  the  disc  mores 
in  a  circle. 

TO  DBTEBMmE  THE  BUBSTINa  STRAIN  07  A  FLY-WHEEL. 

If  we  suppose  half  of  a  fly-wheel  to  be  securely  attached  to 
the  axis,  while  the  other  half  is  held  only  by  the  rim  or  by  bolts 
which  it  tends  to  break  by  its  centrifugal  force,  then  there  will 
be  a  velocity  at  which  the  centrifugal  force  of  half  the  rim  will 
overcome  the  cohesion  of  the  metal  of  the  rim,  or  of  the  bolts, 
and  the  wheel  will  be  burst  by  its  centrifagal  force. 

In  mechanical  works  it  has  been  usual  to  reckon  the  cohesive 
strength  of  wrought-iron  within  the  limits  of  elasticity  at  17,800 
lbs.  per  square  inch  of  section,  and  of  cast-iron  at  15,300  lbs. 
per  square  inch  of  section ;  by  which  is  meant  that  a  bar  of 
wrought-iron  one  inch  square  might  be  stretched  by  a  weight 
of  17,800  lbs.  without  injury,  and  a  bar  of  cast-iron  might  b0 
stretched  by  a  weight  of  15,300  lbs.  without  injury,  and  thou^ 
somewhat  drawn  out  by  such  weights,  would,  like  a  spiral- 
spring,  again  return  to  the  original  length  on  the  weight  bein^ 
removed.  This  estimate  for  cast-iron  is  much  too  high ;  and  im 
machinery  wrought-iron  should  not  be  loaded  with  more  tham 
4,000  lbs.  per  square  inch  of  section,  and  cast-iron  should  not  1)9 
loaded  with  more  than  2,000  lbs.  per  square  inch  of  section* 
The  breaking  tensile  strength  of  good  wrought-iron  is  about 
60,000  lbs.  per  square  inch  of  section,  and  of  good  cast-iroa 
about  15,000  lbs.  per  square  inch  of  section.  But  both  wrought 
and  cast-iron  will  be  broken  gradually  with  much  less  strain 
than  would  be  required  to  break  them  at  once ;  and  if  the  limit 
of  elasticity  be  exceeded,  they  will  undergo  a  gradual  deteri- 
oration, and  will  be  broken  in  the  course  of  time.    K  the  velocity 
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of  roiatioii  of  a  cast-iron  fly-wheel  be  so  great  that  its  oentrif- 
Qgal  ^»rce  becomes  greater  than  15,000  lbs.  in  each  square  inch 
of  the  section  of  the  rim,  it  wiU  necessarily  burst,  as  a  wronght- 
inm  one  wonld  also  do  if  the  centrifugal  force  exceeded  60,000 
lbs.  per  square  inch  of  section.  But  to  be  within  the  limits  of 
safety,  a  strain  of  4,000  lbs.  per  square  inch  of  section  should 
not  be  exceeded  for  wrought-iron,  and  2,000  lbs.  per  square  inch 
<tf  section  for  cast. 

10  DSTEBMmE  THB  HEOHAinOAL  POWEB  BESIDSNT  IN  A  BE- 

voLvnra  disc. 

Bun. — Multiply  one-half  of  the  weight  of  the  revolving  disc 
ly  the  height  due  to  the  velocity  with  which  the  eireum- 
ference  of  the  wheel  or  disc  moves ;  the  product  is  the  me- 
chanical power  communicated. 

Etample  1. — Suppose  that  a  grindstone  4*875  feet  diameter, 
weighing  8,500  lbs.,  makes  270  revolutions  per  mmute;  what 
power  must  be  conmiumcated  to  it  to  give  it  that  motion  ? 

The  velocity  of  the  circumference  will  be  61*88  feet  per 
second,  and  the  height  due  to  this  velocity  is  59*4  feet  The 
mechanical  power  is  1,760  lbs.  (half  the  weight)  x  59*4  feet  = 
103*950  lbs.  raised  one  foot. 

If  the  revolving-wheel  is  not  an  entire  disc  or  solid  circle,  but 
only  a  ring  or  annulus,  it  must  first  be  considered  as  a  disc,  and 
the  effect  of  the  part  which  is  wanting  must  then  be  calculated 
and  deducted. 

Example  2. — Suppose  the  rim  of  a  cast-iron  fly-wheel  to  be 
22  feet  diameter  outside,  and  20  feet  inside,  and  that  the  thick- 
ness of  the  rim  is  6  inches,  and  that  the  wheel  makes  36  revo- 
Intions  per  minute,  what  power  must  be  communicated  to  the 
rim  to  give  it  that  motion,  the  weight  of  the  arms  being  left  out 
of  the  account? 

A  solid  wheel  22  feet  diameter  and  6  inches  thick  would 
contain  190  cubic  feet,  from  which,  if  we  deduct  157  cubic  feet, 
which  would  be  the  capacity  of  a  solid  wheel  20  feet  diameter 
and  6  inches  thick,  we  have  33  cubic  feet  as  the  cubical  contents 
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of  the  aimiilnB.  Now  in  the  case  of  a  solid  wheel  of  22  feet 
diameter,  the  velocity  of  the  circumference  at  86  reyolntionB 
per  minnte  wonld  be  41*4T  feet  per  second,  the  height  dne  to 
which  wonld  be  26*8  feet,  which  mnltiplied  by  95  cnbic  feet  (or 
half  the  mass)  ^ves  2,546  cnbic  feet  of  cast-iron,  raised  1  feet  fer 
the  power  conminnicated.  Then  snpposiog  another  solid  wheel 
20  feet  diameter,  we  shall  find  by  a  lilce  mode  of  compntataoti 
that  the  power  commnnicated  is  eqniyalent  to  1,785  cnbio-feet 
of  cast-iron  raised  throngh  1  foot.  This  deducted  from  2,546 
leaves  811  cnbic  feet  raised  throngh  1  foot  as  the  power  resident 
in  the  annnlus ;  and  if  we  take  the  weight  of  a  cnbic  foot  of 
cast-iron  in  ronnd  numbers  as  480  lbs.,  we  have  889,280  lbs. 
raised  1  foot,  for  the  mechanical  power  which  must  be  conmni- 
nicated  to  the  rim  of  the  fly-wheel  in  question  to  give  it  a  ve- 
locity of  86  revolutions  per  minute. 

The  mechanical  power  which  must  be  communicated  to  solid 
discs  of  different  diameters,  but  of  the  same  thickness  and  dea- 
edty,  to  make  them  revolve  in  the  same  time,  is  as  the  fonrtii 
powers  of  their  diameters. 

CENTRES  OF  GYRATION  AND  PERCUSSION. 

The  centre  of  gyration  is  a  point  in  bodies  which  revolve  iB 
circles  in  which  the  momentum,  or  energy  of  the  moving  masSy 
may  be  supposed  to  be  collected.  It  is  in  the  same  point  as  th^ 
centre  of  percussion  of  revolving  bodies,  because  a  revolvinl? 
body,  if  suffered  to  strike  another  body  that  is  either  at  rest  of 
that  moves  with  a  different  velocity  in  the  same  orbit,  wiJJ 
neither  be  deflected  to  the  right  nor  to  the  left,  but  will  act  jns^' 
as  if  the  whole  mass  of  matter  were  collected  in  that  point.  IH 
bodies  moving  forward  in  a  straight  line,  the  centre  of  perous^ 
sion  is  in  the  centre  of  gravity ;  but,  in  bodies  revolving  in  dr* 
des,  the  part  of  the  body  most  remote  from  the  centre  of  the 
circle  moves  with  a  different  velocity  from  the  part  nearest  to 
the  centre  of  the  circle.  The  centre  of  percussion,  therefore, 
cannot  be  in  the  centre  of  gravity  in  such  a  case,  but  at  some 
point  nearer  the  circumference  of  the  circle ;  and  the  line  traced 
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bj  tiiat  point  win  divide  the  body  into  two  parts,  each  having 
the  8ame  amonnt  of  mechanical  power  treasured  in  them,  or 
Moli  requiring  the  same  amount  of  mechanical  power  to  put 
thflm  into  revolntion  at  their  existing  velooitj.  If  the  body, 
ihttofore,  coold  be  divided  instantly,  and  without  violence, 
Udoo^  the  line  traced  by  the  centre  of  gyration,  each  portion 
of  ihe  body  would  continue  to  revolve  with  its  former  velocity. 
Hm  pomt  tracing  the  line  which  thus  divides  the  body  is  the 
oentre  of  percussion,  and  also  the  centre  of  gyration,  and  in  re- 
TQl?ing  bodies  these  centres  are  identical.  If  a  given  pressure 
act,  through  a  given  space,  upon  a  body  at  its  centre  of  gyration, 
in  the  direction  of  a  tangent  to  the  circle  which  that  centre  must 
dttoibe  round  the  fixed  centre  of  motion,  such  an  amount  of 
power  will  move  the  centre  of  gyration  with  the  same  velocity 
in  its  oirde  of  revolution,  as  it  would  move  an  equal  mass  of 
matter  in  a  right  line  by  acting  at  the  centre  of  gravity  of  the 
misB.  If  the  whole  mass  of  the  revolving  body  could  be  col- 
lected into  its  centre  of  gyration,  the  mechanical  power  resident 
in  the  body  would  be  represented  by  multiplying  the  total 
wei^t  of  the  body  by  the  square  of  the  velocity  of  the  centre 
of  gyration. 

10  IDn>    THE    DISTANOB    OF    THB  OEKTBE    OF  GTBATION    OF  ANY 
EEVOLVING  BODY  FBOM  THB  CENTBE  OB  AXIS  OF  MOTION. 

Buu. — Multiply  the  weight  of  each  partietey  or  equal  irniall 
portion  of  the  tody^  "by  the  square  of  its  distance  from  the 
axiSy  and  divide  the  sum  of  all  these  products  by  the  weight 
of  the  whole  mass;  the  squa/re  root  of  the  quotient  will  J>e 
the  distance  of  the  centre  of  gyration  from  the  axis  ofm^otion. 

Example, — Suppose  three  cannon  balls  to  be  fixed  on  a 
itndght  rod  which  is  assumed  to  be  without  weight ;  one  ball, 
wd^^iing  2  lbs.,  is  fixed  at  a  distance  of  10  inches  firom  the  axis 
of  motion ;  another,  which  weighs  4  lbs.,  at  6  inches'  distance ; 
and  the  third,  which  weighs  6  lbs.,  at  4  inches'  distance ;  then 
the  distance  of  the  centre  of  gyration  from  the  axis  of  motion 
will  be  found  thus:  10  inches  squared  —100 ;  x  2  lbs.  —  200 ; 
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6  inobes  Hqunred  x  4  lbs,  — 144 ;  uid  4  inches  Bqnured  > 
^98.  The  aum  of  those  prodncts  is  440,  which  divided  by  the 
Hnm  of  the  weights,  or  12  Iba.  ^  3G-6G,  the  square  root  of  which, 
6'OG  iDches,  is  the  distaoce  of  the  centre  of  gyratioD  from  the 
axis  of  motion;  therefore,  a  single  ball  of  12  Iba,  weight,  placed 
at  Q'OS  inches  from  the  axis  of  motion,  and  making  the  same 
nnmber  of  revolations  in  anj-  given  time,  would  have  the  same 
amount  of  mechanical  power  resident  in  it  as  the  three  balls  in 
their  several  places,  as  at  first  supposed. 

The  mechanical  power  which  mnst  be  communicated  to  a 
Htnught  uniform  rod  or  lever,  to  put  it  in  motion,  about  one  ot 
its  extremities,  as  a  fixed  centre  or  axis,  is  the  same  as  that 
which  muiit  be  oommumcatcd  to  an  equal  weight  of  matter  to 
give  it  motion  in  a  straight  line,  with  '57,730  of  the  velocity 
with  whioh  the  eitremitj  of  the  lever  moves  in  its  circle.  The 
point  in  the  revolving  lever  which  moves  with  that  velooitj  is 
the  centre  of  gyratioii 

The  mechanical  power  whioh  must  be  commnnicated  to  a 
solid  circular  wheel  to  make  it  revolve  upon  ita  axis,  is 
BB  that  which  mnst  be  commnnicated  to  an  eqaal  weight  ol 
matter  to  give  it  motion  in  a  straight  line  with  '7071  of  the 
velocity  with  which  the  periphery  of  the  wheel  moves  witlltn 
its  circle,  and  the  point  in  the  radius  of  the  wheel  which  morn 
with  '7071  of  the  velocity  of  the  circumference  is 
gyration.  The  weight  of  the  revolving  body,  multiplied  into 
the  height  due  to  the  velocity  with  which  the  centre  of  gyration 
moves  in  its  circle,  in  all  cases  represents  the  metibanical  power 
which  ranst  be  expended  npon  the  body  to  give  it  the  velodtj 
of  rotation  that  il 


THE  PESDCLDM. 
The  point  from  which  the  pendnlam  is  hung  is  termed  tha 
oeutre  of  suspension.  The  effective  centre  of  the  boll  is 
imaginary  point  called  the  centre  of  oscillation,  and  which  is  so 
situated  that  the  dtstamie  from  the  centi'e  of  snapension  to  the 
centre  of  osoiUatioa.  is  the  eame  as  if  the  rod  of  the  pendolom 
were  destitute  of  weight,  and  the  whole  matter  of  the  ball  were 
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collected  Into  the  centre  of  osoillation.  The  centre  of  osoilla- 
tion  is  sitaated  in  a  line  passing  between  the  centre  of  saspen- 
Am  and  the  centre  of  gravity. 

The  nmnber  of  vibrations  made  by  pendulums  of  different 
kigtihs  is  inversely  as  the  square  roots  of  their  lengths.  The 
length  of  the  pendnlom  which  will  make  one  vibration  every 
leooad  is  somewhat  different  at  different  parts  of  the  earth's 
nrfeoe,  bnt  in  the  latitude  of  London  its  length  is  variously 
stated  at  89*1393  inches  and  89*1886  inches. 

« 

TO  hhd  thb  hxioht  thbotjoh  whioh  ▲  body  will  fall  IK 

TBI  TDIB  THAT  A  PEimULUM  MAKES  ONE  VIBBATION. 

Bulb. — Multiply  the  length  of  the  pendulum  by  4*9848  and  it 
viU  give  the  height. 

Example,—']!  we  take  the  length  of  the  seconds  pendulum 
at  89*1886  in.,  then  89*1886x4-9848=198*141  in.,  which  is  the 
hsi^  that  a  body  will  fall  by  gravity  in  a  second. 

so  nan  the  length  of  a  pendulum  which  will  pebfobm  a 

GIVEN  NUMBEB  OF  VIBBATIONS  IN  A  MINUTE. 

Rule, — Dimde  the  constant  ivwraber  875*86  hy  the  number  of 
nbrations  to  be  made  per  minute,  and  the  square  of  the  quo^ 
HeiU  is  the  length  of  the  pendulum  in  inches, 

MDample.-^lf  the  pendulum  has  to  make  60  vibrations  per 
ndnnte,  then  875*86-4-60=6*256,  the  square  of  which  is  89*1886. 
Hie  length  89*1898  is  probably  still  more  nearly  the  correct 
length  of  the  seconds  pendulum  in  London. 

TO    FIND    THE    NUMBEB    OF    VIBBATIONS    PEB    MINUTE    WHICH  A 
PENDULUM  OF  A  GIVEN  LENGTH  WILL  MAEB. 

Bulk. — Multiply  the  square  root  of  the  length  of  the  seconds 
pendulum  by  the  number  of  vibrations  it  maJces  per  minute, 
and  divide  the  product  by  the  square  root  of  the  length  of 
the  pendulum  whose  rate  of  vibration  has  to  be  found.  The 
quotient  is  the  number  of  vibrations  per  minute  that  the 
pendulum  wUl  make. 
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Meample.-^lf  the  length  of  a  pendnlnm  in  the  latitade  of 
London  be  28*75  inches,  what  will  be  the  nnmber  of  yibratiooi 
that  it  will  make  per  minnte? 

Here  the  square  root  of  89*1898  multiplied  by  60,  and  diTided 
by  the  sqnare  root  of  28*75=70  Tibrations  per  minnte. 

TO  FIND  THE  LENGTH  OF  A.  PENDT7LI71C  WHICH  BHAIL  HIlKI  A 
GIVEN  NTJMBEB  OF  TIBBATIONS  IN  A  GIVEN  TIMB  IH  ZH9 
LATITUDE  OF  LONDON. 

"RxTLE.'^MuUiply  the  square  of  the  number  of  seeand$  m  Hks 
given  time  ly  tTte  camtant  nurnber  89*1898,  and  dMde  th0 
product  hy  the  square  of  the  number  of  vibrationi  ;  the  quo^ 
Uent  will  be  the  required  length  of  pendulum  in  inehet. 

Example, — ^What  must  be  the  length  of  a  pendnlnm  in  order 
to  give  85  vibrations  per  minnte? 

The  nnmber  of  seconds  in  the  ^ven  time  is  60,  henoe  00 
mnltipHed  by  60  multiplied  by  89*1898  gives  140901*48,  whidi 
divided  by  1225  (the  sqnare  of  85)  gives  115*021  inches,  the 
length  of  pendnlnm  required. 

TO  FIND  THE  NTJICBEB  OF  VIBBATIONS  WHICH  WILL  BE  MADB  HT 
A  GIVEN  TIME  BY  A  PENDULUM  OF  A  GIVEN  LENGTH. 

Rule. — Multiply  the  square  of  the  number  of  seconds  «»  ^ 
given  time  by  the  constant  number  89*1898,  divide  thepriJr 
net  by  the  given  length  of  the  pendulum  in  inches^  and  t^ 
square  root  of  the  quotient  will  be  the  number  of  wbrati/on^ 
in  the  given  tim>e. 

Example, — ^The  length  of  a  pendnlnm  being  64  inehes,  wb^ 
number  of  vibrations  will  it  make  in  60  seconds? 

In  this  case  the  sqnare  of  60  multiplied  by  89*1893  (piv^ 
140901*48,  which  being  divided  by  64  gives  2201*5856,  the  squall 
root  of  which  46*09  is  the  nnmber  of  vibrations  required. 

THE  GOVERNOR. 

The  governor  is  a  centrifugal  pendulum ;  and  its  propoiiioii^ 
may  be  fixed  by  the  same  rules  which  are  employed  to  deter- 
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niiie  ilie  rates  of  vibration  of  pendnhmis.  If  we  soppose  a  pen- 
dohim,  in  the  act  of  vibration,  to  be  at  the  same  time  pushed 
Bdeways  bj  a  snitable  force,  it  will  nevertheless  perform  its 
TQffaiion  in  the  same  period  of  time ;  and  if  during  its  return  it 
Im  again  pushed  ridewajs  in  the  opposite  direction,  it  will, 
dmiiig  this  double  vibration,  have  pursued  a  curvilinear  course, 
wUflh,  if  the  deflection  be  sufficient,  will  be  a  circle.  A  pendu- 
lum, therefore,  of  the  same  vertical  height  as  the  cone  described 
\fj  the  arms  of  a  governor,  will  perform  a  double  vibration  in  the 
Mme  time  as  the  governor  performs  one  revolution.  The  rules, 
iMNraver,  according  to  which  governors  are  usually  proi>ortioned 
are  as  follow: — 

TO  DIIXBMIBnB  THE  PBOPSB  HSIOHT  OF  THE  POINT  OF  STJBPXBT- 
aOV  OF  THE  BALLS  OF  ▲  GOVEBNOB,  ABOVE  THE  PLANE  IN 
WHICH  THET  BEVOLVE  WHEN  MOVING  WITH  MEAN  VELOOITT. 

BiUUL — Divide  the  number  85,225  ly  the  equare  of  the  main 
i»«ni5M*  of  revoUitione  which  the  gotemor  makes  per  minute. 
The  quotient  is  the  proper  vertical  height  in  inches  of  the 
paint  of  suspension  of  the  halls  ctbave  the  plane  in  which 
tkey  revohe^  when  moving  with  mean  velocity, 

Sample, — ^What  is  the  proper  vertical  height  of  the  point 
of  snapension  above  the  plane  of  revolution  in  the  case  of  a  gov- 
ernor making  80  revolutions  per  minute? 

Here  85226-4-900  (the  square  of  80)  =  89*189,  which  is  the 
same  hei^t  as  that  of  the  seconds  pendulum. 

If  we  have  already  the  vertical  height,  and  wish  to  know  the 
proper  time  of  revolution,  we  must  proceed  as  follows : — 

TO    DSTBBMINS    THE    PBOPEB    TIME    OF    BEVOLTTTION    OF  A  OOV- 
BSNOB  OF  WHICH  THE  VEBTIOAL  HKIQHT  18  KNOWN. 

BiTLE. — Multiply  the  square  root  of  the  height  hy  the  eonstcmt 
fracUon  0*81986,  and,  the  product  will  he  the  proper  time  of 
resolution  in  seconds, 

JBsBample.'^'bL  what  time  should  a  governor  be  made  to  re- 
volve TiiK>n  its  aids  when  the  vertical  height  of  the  cone  in  which 
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the  anus  are  raqnired  to  rerolre  when  in  tbar  mMn  potttion  ii 
89-1898  inaheet    Hero  6-866x0-81086=3 


FEIcnON. 

'Wlien  two  bodies  are  rabb«d  together  Otaj  generato  heg^ 
Kod  oonmme  tlierebj  an  amount  of  power  which  ii  the  meobia' 
ical  equivalent  c^  tbe  beat  [irodaoed.  Clean  and  amooA  faoi 
drawn  over  dean  and  Bmood)  iron  without  tfae  inteiporitiw  d  < 
a  film  of  <^  or  other  lobricating  material,  reqnirw  abixA  ta^  | 
tenth  of  Uie  force  to  move  it  that  ia  employed  to  tixna  &6  tn- 
focea  togeliier.  In  other  words,  a  piece  of  iron  10  lbs.  in  wtif^ 
would  reqoire  a  weight  of  1  lb.  aodng  on  a  string  paniing  atx* 
poUej  to  draw  the  10  lb.  weight  along  an  iron  table.  But  if  U 
aarboes  are  amplj  Inbrioated,  the  friction  will  onlj  be  bs 
^th  to  ^^Qx  of  the  wdght.  The  Motion  of  cast-iroa  sar&oee  tt  ' 
sandy  water  is  aboat  one-fhird  of  the  weight  The  extent  of  Sw 
mbbing  sorfooe  does  not  aSect  the  amonnt  of  tbe  friction. 

The  oxperixaents  of  Oraeral  Morin  on  the  friction  of  TSnow 
bodies  withont  an  interposed  film  of  Inbrioating  liquid,  bnt  vik 
the  Bnrfaces  wiped  clean  b j  a  greasy  doth  have  been 
by  Ifr.  Rankine  in  the  following  table: — 


omraBAL  moein's  bxpkeimkhts  on  fmotiok. 

». 

,™„» 

1*- 

U^'Zl.U. 

! 

WMd  on  WQoa. 

»■„..■ 

■MltoS 
■ita-Di 

4 

■SWM 
■M 

■S7ta-M 

L 

■OltofS 
■OSte-M: 

MGtiilaon«ifc,dr)' 

^       "    t:«Stf^';:: 

Bconie  on  lignum  tIUb,  constimllF  wet  . 
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The  ^Anffie  of  repose,^  given  in  the  first  column^  is  the  angle 

irhioh  a  flat  surfiaoe  will  make  with  the  horizon  when  a  weight 

placed  npon  it  just  ceases  to  move  by  graTity.    The  column  of 

^Friction  in  terms  of  the  weight '  means  the  proportion  of  the 

weight  which  must  be  employed  to  draw  the  body  by  a  string  in 

«der  to  OYeroome  its  Mction;  and  the  proportional  weight  is 

■ntetimeB  called  the  Co-effieimt  cf  Friction. 

.  in  a  paper,  of  which  an  abstract  has  appeared  in  the  C<mipte% 

JtmSMM  of  the  French  Academy  of  Scieoces  for  the  26th  of  April, 

U66,  IC.  H.  Bochet  describes  a  series  of  experiments  which  have 

iai  him  to  the  condnsion,  that  the  friction  between  a  pair  of 

ffrfboea  of  iron  is  not,  as  it  has  hitherto  been  bdieved,  absolutely 

liftq;Miident  of  the  velocity  of  sliding,  bnt  that  it  diminishes 

ioirly  as  that  velocity  increases,  according  to  a  law  expressed 

If  tibe  Ibllowing  formula.    Let 

'    B  denote  the  Motion ; 

Q,  the  pressure; 
c  fl,  the  velocity  of  sliding,  in  metres  per  second  =  velocity  in 
I  iMtper  second  x  0*8048; 
i   /,  o^  r,  constant  co-efficients ;  then 

B  _^/+y^ 

The  following  are  the  values  of  the  co-efficients  deduced  by 
U*  Bochet  from  his  experiments,  for  iron  surfaces  of  wheels  and 
Aids  rubbing  longitudinally  on  iron  rails : — 

/  for  dry  surfaces,  0*8,  0*25,  0-2 ;  for  damp  surfaces,  0.14. 

0,  for  wheels  sliding  on  rails,  0*08 ;  for  skids  sliding  on  rails, 
W. 

y,  not  yet  determined,  but  treated  meanwhile  as  inapprecia- 
UysmalL 

The  friction  of  a  bearing  or  machine  'per  recohition,  is  nearly 
the  same  at  all  velocities,  the  pressure  being  supposed  to  be 
tniform ;  but  as  every  revolution  absorbs  a  definite  quantity  of 
power,  and  generates  a  corresponding  quantity  of  heat,  it  will 
he  necessary  to  enlarge  the  rubbing  surfaces  at  high  velocities, 
both  to  prevent  the  wear  from  being  inconvenientiy  rapid,  and 
llso  to  enable  the  bearing  to  present  a  larger  cooling  surface  to 
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the  atmosphere,  so  as  to  disperse  tie  inorementH  of  heat  wiach 
in  the  case  of  high  velocities  it  will  rapidly  reoeive.  With  ths 
same  object  the  lubrication  should  be  ample.  The  oil  should 
overflow  the  bearinj;,  in  the  same  manner  as  the  oil  in  a  carod 
or  moderator  lamp  overflows  the  wick  to  prevent  oarho&isation ; 
and,  to  prevent  waste,  the  oil  should  be  retnmed  by  on  oil 
pump  BO  as  to  maintain  a  cironlation  that  will  both  oool  and  la- 
brieate  the  rubbing  parta.  J 

It  was  found  by  Genera!  ITorin  in  hia  experiments,  that  Oe  I 
'Friotion  of  Best'  was  coDsiderably  more  Uian  the  'Friotionl 
of  Motion,'  or,  in  other  words,  that  it  took  a  greater  force  to  1 
move  a  rubbing  body  from  a  state  of  rest  than  it  aftarwari* 
took  to  continue  the  motion,  some  of  the  softer  bodies  being  la 
fact  slightly  indented  with  the  weight.    But  in  determining  tho 
Mction  of  machinery,  it  is  the  Motion  of  motion  alone  that  has 
to  be  considered,  so  that  tho  other  need  not  be  here  taken  Into 
account. 

In  the  case  of  rabbiog  surfaces  which  are  amply  Inhricated, 
the  amount  of  the  friction  depends  more  on  the  nature  Of  the 
lubricant  than  upon  the  material  of  which  tlio  rubbing  bodied 
are  composed ;  and  bard  lubricants,  sacli  as  tallow,  a 
suited  for  heavy  pressures ;  and  thin  lubricants,  snch  as  alnuud 
oil,  are  best  suited  for  mechanisms  moving  with  condderBlde 
velocity,  but  on  which  the  strain  is  small.    If  too  heavy  a 
ore  be  applied  to  a  bearing,  the  oil  will  bo  forced  oat  and  ths 
surfaces  will  heat ;  and  this  will  be  liable  to  take  place  wheu 
the  pressure  on  the  hearing  is  much  more  than  800  lbs.  per 
square  inch  on  tlie  loogitadinal  section  of  £he  bearing,  thongb 
in  practice  the  pressure  is  soroetimes  half  as  mach  again,  or 
about  1,200  lbs.  per  square  inch  in  the  longitudinal  seclitNl  of 
the  bearing,  but  snch  bearings  will  be  liable  to  heat.    Thns  h 
marine  engine  with  a  cylinder  of  74}  inches  diameter,  tbe  oi 
pin  b  9}  inches  diameter,  and  the  length  of  tho  bearing  la  VA 
inches,  which  makes  the  area  of  the  longitudinal  section  of  Q 
bearing  95  sc[uare  inches.     The  ares  of  the  cylinder  b  4,SGH 
square  inches,  and  if  we  take  the  pressnre  upon  the  piston- 
iuolading  steam  and  vacnnm — at  26  ll>s.  per  square  inoh,  i 
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ihflll  Imye  a  total  pressure  on  the  piston  of  108,975  ll>8.,  and, 

eonseqiieiitlj,  this  amount  of  pressure  on  the  orank  pin  bearing. 

Now  108,975  lb&,  the  total  pressure,  divided  by  95  square 

ioohes,  the  total  surface,  gives  1,147  lbs.  for  each  square  inch 

of  tbe  parallelogram  which  forms  the  longitudinal  section  of  the 

beating.    In  the  engines  of  Messrs.  Maudslay,  Messrs.  Seaward, 

mdmost  of  the  London  engineers,  the  pressure  per  square  inch 

pat  upon  the  crank  pin  is  less.    Thus  in  their  120-horse  engines, 

flie  diameter  of  the  cylinder  is  57^  inches,  giving  an  area  of 

S,597  square  inches,  which  multiplied  by  a  pressure  of  25  lbs. 

per  square  inch,  gives  64,925  lbs.  as  the  total  pressure  upon  the 

piston.    The  crank  pin  is  8  inches  diameter,  and  the  bearing  is 

finches  long,  giving  68  square  inches  as  the  area  of  the  longi- 

tndinal  section ;  and  64,925  lbs.,  the  total  pressure,  divided  by 

68  square  inches,  the  total  area,  gives  a  pressure  of  954*77  lbs. 

per  square  inch  of  section.    This  is  still  in  excess  of  the  800 

lbs.  per  square  inch  to  which  it  is  expedient  to  limit  the  press- 

nze.    But  the  assumed  pressure  on  the  piston  is  rather  large 

in  the  case  of  these  engines,  and  the  actual  pressures  will  be 

ftond  to  agree  pretty  well  with  the  limit  of  800  lbs.  on  each 

square  inch  of 'the  longitudinal  section  of  bearings  which  it  is 

proper  to  fix  as  a  general  rule  in  the  case  of  endues  moving 

slowly,    in  the  case  of  fast-moving  engines,  however,  the  sur- 

ftoe  should  be  greater.    The  proportion  in  which  the  surface 

ihoiild  vary  with  the  speed  is  pretty  accurately  expressed  by  the 

IbOowing  rule : — 

lO  ron>  THE  FBSSSUBB  PBB  SQT7ABE  mOH  THAT  ICAY  BE  PUT 
UPOB'  ▲  BEABINa  UOYTSQ  WITH  ANT  GIVEN  VELOOITT. 

BmJB. — To  the  cansta/at  number  50  add  the  velocity  of  the  lea/r- 
ing in  feet  per  minute^  and  reserve  the  sum  for  a  divisor. 
DMde  the  constant  number  70,000  by  the  divisor  found  as 
above.  The  quotient  will  be  the  numiber  of  pounds  per  square 
inch  that  may  be  put  upon  the  bearing. 

Mcample  1. — ^An  engine  with  a  cylinder  74J  inches  diameter, 
has  a  crank  pin  10  inches  diameter.    At  220  feet  of  the  piston 

6 
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per  minute,  autl  witli  a  stroke  of  7}  foet,  the  number  of  revoln- 
tiona  per  minnte  will  be  about  J5 ;  and  as  the  cJrotnnference  o 
the  orank  pin  will  be  about  80  inches  or  2J^  feet,  the  surface  of 
the  bearing  will  travel  15  times  2J,  or  STJ  feet  per  minute. 
Adding  to  thia  the  constant  nnmber  50,  we  have  8Tj^,  and  70,000 
divided  by  87i^  =  800,  which,  at  this  speed,  is  the  proper  press- 
nre  to  put  on  each  sqnare  inch  of  the  longitudinal  eectian  of 
the  bearing.  K  it  is  fonnd  on  trial  that  this  preaaoTe  i 
ceodod,  the  length  or  diameter  of  the  pin  must  he  increased 
or  both. 

Mxample  2. — An  en^e  with  n  cylinder  42  inches  diameter, 
has  a  crank  pin  8)-  inches  diameter,  the  oironrnforenco  of  which 
is  38-7  inches  or  2-225  feet.  When  the  enpne  makes  54 'S  revo- 
lutioUB  per  miunte,  the  aarface  of  the  crank  pin  wil]  move  with 
a  speed  of  54'S  times  2-226  feet  per  minnte,  or  121'8  feet 
per  minnte.  Now  50  +  121-8  =  171 '8,  and  70,000  divided  by 
171-8=407-3,  which,  at  this  speed  of  revolution,  i 
load  t^  place  upon  each  square  inch  of  seotion  in  the  line  of  the 
asis.  The  pressure  of  steam  and  vacuum  in  this  engine  was  40 
lbs.  per  square  inch ;  and  as  the  area  of  a  piston  42  inches  dimn- 
eter  is  1385-4  square  inches,  the  pressure  w-giug  the  piston  will 
be  40  times  1385-4  or  65,416  lbs.  Bow  55,416  divided  by  407'S 
ia  1S6,  which  moat  he  the  number  of  sqnare  inches  in  the  longi- 
tndinal  section  of  the  bearing  in  order  that  there  maj  not  be 
more  than  407-3  lbs.  on  each  square  inch.  To  obtain  this  area, 
the  bearing  most  bo  16  inches  long,  since  8^  inchea  multiplied 
by  16  inches  is  136  square  inches.  At  60  revolntions,  the  speed 
of  the  bearing  surface  per  minnte  is  60  times  2-225  feet  or  18S-S 
feet.  Now  50+ 18S'6=18B-5,  and  70,000  divided  by  183-5=877-4, 
which  is  the  proper  load  in  lbs.  for  each  square  inch  in  the  lon- 
^tndina!  section  of  the  bearing.  At  70  revolntions  the  speed 
of  tlie  hearings  is  TO  times  2-225  feet,  or  155-75  feet  per  minnte. 
Now  60  4- 156-75=205-75,  and  70,000  divided  by  205-75=840'a, 
which  is  the  proper  load  in  pounds  to  pnt  upon  each  square 
inch  of  the  longitudinal  section  of  the  bearing  at  tliis  speed  of  _ 
rotation. 
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TO  TIND  THE  FBOFBB  YSLOCITT  FOB  THE  SUBFAOE  OF  ▲  BEAB- 
DTCh  WHEir  THE  PBBSST7BE  PES  SQTTABE  INGH  ON  ITS  L0NGITT7- 
JOSAL  SEOnON  IB  GIVEN. 

Buu. — Dhide  the  eonstant  number  70,000  by  the  preesureper 
iguare  inch  on  the  longitudinal  section  of  the  hearing.  From 
tke  quotient  eubtraet  the  eonstant  number  50.  The  remain- 
ieris  the  proper  veloeitjf  qf  the  surface  of  the  bearing  in 
feet  per  second. 

Moample  1. — ^What  is  the  proper  velocity  of  the  sarfeuse  of  a 
beAiing  which  has  the  pressure  of  800  lbs.  on  each  square  inch 
cf  its  longitndinal  section  ?  Here  70,000  divided  by  800=87*5 ; 
ftom  which  if  we  take  50  there  will  remain  87*5,  which  is  the 
proper  velocity  of  the  bearing  in  feet  per  second. 

If  we  take  a  hypothetical  pressure  of  1,400  lbs.  per  square 
inch  of  section,  we  get  70,000  divided  by  1,400  =  50,  and 
80^50=0 ;  so  that  with  sach  a  pressure  there  should  be  no 
velocity.  Even  in  cases,  however,  in  which  there  is  very  little 
motion,  sach  as  in  the  top  eyes  of  the  side  rods  of  marine 
engines,  it  is  not  ad^sable  to  have  so  great  a  pressure  npon 
the  bearing  as  1,400  or  even  1,200  lbs.  per  square  inch  of 
Beefcion. 

Example  2. — What  is  the  proper  velocity  of  the  bearing  of 
la  engine  which  has  a  pressure  upon  it  of  407*8  lbs.  per  square 
inch  of  section?  Here  70,000  divided  by  407*8=171*8,  which 
diminished  by  50  is  121*8,  which  is  the  proper  speed  of  the  sur- 
tioe  of  the  bearing  with  this  pressure  per  square  inch  of  sec- 
tioQ.  If  the  diameter  of  the  bearing  be  Si  inches,  its  circum- 
ference will  be  2*226  feet,  and  121*8  divided  by  2*226=54*8  rev- 
(dntions,  which  will  be  the  speed  of  the  engine  with  these  data. 
These  proportions  allow  a  good  margin,  which  may  often  be 
ftvailed  of  in  practice,  either  in  driving  the  engine  faster  than 
is  here  indicated,  or  in  putting  more  pressure  upon  the  bearing. 
But  to  obviate  inconvenient  heating  and  wear,  it  will  be  found 
preferable  to  adhere,  as  nearly  as  practicable,  to  the  proportion 
of  surface  which  these  rules  prescribe. 
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STRENGTH  OF  MATKRTATA 

The  varions  kinds  of  stram  to  which  materials  ore  exposec 
in  machines  and  strnctores  may  he  all  resolved  into  strains  of 
extension  and  strains  of  compression ;  and  in  investigating  th< 
strength  of  materials  there  are  three  fixed  points,  varying  ii 
every  material,  to  which  it  is  necessary  to  pay  special  regard— 
the  ultimate  or  hreaMng  strength,  the  elastic  or  proof  strength^ 
and  the  safe  or  working  strength.  The  tensile  or  hreaMng 
strength  of  wronght-iron,  is  ahont  60,000  per  sqnare  inch  of 
section,  whereas  the  crushing  strength  of  wroaght-ir6n  is  ahont 
27,000  per  square  inch  of  section.  In  steam-engines  where  the 
parts  are  alternately  compressed  and  extended,  it  is  not  propei 
to  load  the  wronght-iron  with  more  than  4,000  Ihs.  per  square 
inch  of  section ;  or  the  cast-iron  with  more  than  2,000  Ihs.  pei 
square  inch  of  section.  But  in  hoilers  where  the  strain  is  con- 
stantly in  one  direction,  the  load  of  4,000  Ihs.  per  square  indi 
of  section  may  he  somewhat  exceeded.  The  elastic  strength  ii 
the  strength  exhihited  hy  any  material  without  heing  perma- 
nently altered  in  form,  or  crippled ;  for  as  a  piece  of  iron  is 
finally  hroken  hy  heing  hent  backward  and  forward,  so  by  ap- 
plying undue  strains  to  any  material,  it  will  be  finally  brok^ 
with  a  much  less  strain  than  would  suffice  to  break  it  at  once. 
The  elastic  tensile  strength  of  wrought-iron  is  between  one-third 
and  one-fourth  of  its  ultimate  tensile  strength,  and  to  this  point 
the  material  might  be  proved  without  injury.  But  in  proving 
boilers,  and  many  other  objects,  it  is  not  usual  to  make  the 
proving  pressure  more  than  twice  or  three  times  the  working 
pressure,  such  proof  it  is  considered  involving  no  risk  of  strain- 
ing the  material  while  it  is  adequate  to  the  detection  of  acci- 
dental fiaws  if  such  exist.  The  following  table  exhibits  the  te- 
nacity or  tensible  strength,  and  the  resistance  to  compression  or 
crushing  strength  of  various  materials : — 


L>  tKO  CBUsmxe  Braxse/nm  oi  tabioits  hatebuu  mi  kuabx  n) 


1  lo&ooo 


or     lUckueu 


10,000 
1!,000 
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It  will  be  remarked  that  thera  ara  very  largo  variations  in 
the  omoimt  of  the  strengtti  recorded  in  this  table ;  and  there  are 
so  manj  varieties  in  the  qnalitj  of  the  materials  experimented 
upon  that  it  is  hopeless  to  ospeot  aaj  absolnte  agreement  in  the 
resralta  of  different  eiperfments.  It  will  he  nsefnl,  mider  these 
circnmatonces,  to  set  down  the  main  results  arrired  at  hy  a  few 
of  the  principal  experimeiitali»ts,  leaving  the  reader  to  select 
such  valae  as  lie  may  consider  most  nearly  agrees  with  the  oir- 
comstances  with  which  he  has  to  deal,  The  followiag  are  tlis 
strengths  of  varioas  metals  ascertained  hy  Mr.  George  Renmc^ 
inlSlT:— 


~"—- 

Tearing    fCigh 

Ill  own  wol^t 

39,455 
19,740 
Ifl,B38 
6,110 
B,003 
5,180 
1,496 
348 

72 
SB 
19 
19 

n 

084 
832 
096 
012 
958 

824 

Professor  Leslie,  in  his  Natura 

the  law  of  the  extension  of  iron  by  v 

'A  bar  of  soft  iron  wU!  stretch 

Phil 

ireighb 
nnifor 

WBpliy,  thna  eipMna 
mly  hy  continuing  til 

append  to  it  equal  weights  till  it  can  he  loaded  with  half 
mnch  as  it  can  hear;  heyond  tJiat  limit,  however,  its  exteiuioii 
wUl  become  doubled  by  each  addition  of  the  eighth  part  of  tlM 
dismptive  force.  Snppose  the  bar  to  be  an  inch  square  and 
1,000  inches  in  length ;  36,000  lbs.  will  draw  it  out  1  inch,  bot 
45,000  will  stretch  it  3  inches;  54,000  lbs.  4  inches;  68,000 
8  inches;  and  72,000  10  inches,  where  it  would  finally  break,* 
Thta  popular    explanation  of    the  law  agrees  pretty  nesilf 
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with  the  flubeeqneat  deducttons  of  HodgkmsQn   and   other 
eoqidrenL 

The  odhenve  strengtih  of  woods  varies  still  more  than  that 
of  metals  in  different  specimens,  and  varies  even  in  different 
pvts  of  the  same  tree.  Thns  in  Barlow's  experiments  he  fonnd 
the  eotheave  strength  of  fir  to  vary  from  11,000  to  13,448  lbs. 
per  sqiiare  inch  of  section ;  of  ash  firom  15,784  to  17,850  ;  oak 
from  8,889  to  12,008 ;  pear  firom  8,834  to  11,587,  and  other 
woods  in  the  same  proportions.  The  following  fair  average 
ntoes  may  be  adopted : — 

TSSrSDLE  STBEKOTHS  OF  WOODS  BY  BABLOW. 


KZVD  OV  WOOn. 


Teik 

Oak 

STcamore 

Beedi 

AAl 

Ebn 

Kemd  Hr. . . . 
Ghrifltiaiia  DetiX 
Uidi 


Tearing 
weight  in  Ibfl. 
of  a  rod  one 
inch  aqoue. 


12,915 

11,880 

9,680 

12,225 

14,130 

9,720 

9,540 

12,846 

12,240 


Length  in  feet 

of  a  rod  one 

indi  aqnarethat 

woold  Dreak  hj 

its  own  weight 


86,049 
82,900 
85,800 
88,940 
42,080 
89,050 
40,500 
55,500 
42,160 


The  crashing  strength  of  wood,  as  of  most  other  materials, 
is  very  different  firom  its  tensile  strength,  and  is  greatij  affected 
^yite  dryness.  The  following  table  exhibits  the  results  of  the 
ttperiments  made  by  Mr.  Hodgkinson,  to  ascertain  the  crush- 
ing Btreugths  of  different  woods  per  square  inch  of  section, 
the  q)eoimens  crashed  were  short  cylinders,  1  inch  diameter 
ttd  2  inches  long,  flat  at  the  ends.  The  results  given  in  the 
Snt  cokunn  are  those  obtained  when  the  wood  was  moderately 
^»  Those  in  the  second  column  were  obtdned  from  similar 
^oeimeiis  which  had  been  kept  two  months  longer  in  a  warm 
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r  BODGKIBBOII. 


Aldec 

ABh 

B117 

Bngluh  Birfh 

Ocdttr 

Red  Deal 

White  Deal.. 

Elder 

Elm 

Re  (Bprace). . 
Mahogany  . . . 
Oak  (Quebec) 
Oak  (ED{;liBh] 
Pine  (Pitch). . 
Rno  (Hed). . . 

Poplar 

Plum  (Drj).. 

Teak 

Walnut 

Willow 


86S8 

'   9Se3 

7618 

'   7618 

113S 

■   7368 

3297 

'   640S 

B67i 

'   6S68 

D748 

'   8686 

8781 

'   72B8 

7*61 

'   9B78 

'  10S31 

6499 

'   S819 

8198 

■  8IB8 

4SS1 

'  6988 

6481 

6790 

'   B7B0 

6398 

'   7618 

'  Bia* 

8241 

'  10493 

'  12101 

'   7B27 

B898 

■  ei2S 

The  crashiDg  Btrength  of  cust-iron  ia  98,933  lbs.,  or, 
100,000  per  square  incli  of  section. 

The  strength  of  wooden  colnmns  of  different  lengths 
diameters  to  anstain  weights  has  not  been  conclnsivelj  det(^ 
mined,  and  the  longer  a  column  is  the  weaker  it  is.  Bat^  how- 
ever sliort  it  raaj  he,  the  load  upon  it  should  not  ho  above  ono- 
third  of  the  cruiiliing  load,  as  given  above. 

LAW  OF  THE  STHENGTn  OF  PILLAKS. 

Tho  tlieory  of  the  strongth  of  pillars  propounded  by  'Enier  It 
that  the  strength  varies  as  the  fourth  power  of  the  diameter 
divided  by  the  Bqnftre  of  the  length ;  and  the  recent  investig*- 
tjons  of  Hodgkinaon  and  others  show  that  this  doctrine  is  nearly 
*o,00u'''.,  J'hns.in  the  case  of  hollow  cylindrical  colunma  of 
8  inches;  asnnd  experimeDtdly  that  the  3-S6th  power  of  the  b^ 
This  populieter  subtracted  from  the  3'55th  power  of  tlie  external 
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&meter,  and  divided  bj  the  I'Tth  power  of  the  lengtli,  will 
gire  the  strength  very  nearly.  In  the  case  of  hollow  cylindrical 
ftdomnfl  of  malleable  iron,  it  is  fonnd  that  the  8'59th  power  of 
the  internal  diameter,  snbtracted  firom  the  8 '59th  power  of  the 
octomal  diameter,  and  diyided  by  the  square  of  the  length,  will 
f^xresent  the  strength ;  but  this  mle  only  holds  when  the  load 
does  not  exceed  8  or  9  tons  per  square  inch  of  section.  The 
power  of  plates  to  resist  compression  varies  as  the  cube  or  more 
leaily  as  the  2'878th  power  of  their  thickness.  But  this  law  only 
kids  so  long  as  the  pressure  applied  does  not  exceed  9  to  12 
tons  per  square  inch  of  section.  If  the  load  is  made  greater 
than  this,  the  metal  is  crushed  and  gives  way.  It  has  been  found 
experimentally  that  in  malleable  iron  tubes  of  the  respective 
tbioknesses  of  *525,  *272  and  *124  inches,  the  resistances  to  com- 
peadon  per  square  inch  of  section  are  19*17, 14*47,  and  7*47  tons 
rnpeotively.  Moreover,  in  wrought-iron  tubes  1^  inches  diam- 
eter and  ^th  of  an  inch  thick,  the  crushing  strength  is  only  6*55 
tms  per  square  inch  of  section,  while  in  tubes  of  nearly  the  same 
Wogth  and  thickness,  but  about  6  inches  diameter,  the  crushing 
itrength  is  16  tons  per  square  inch  of  section.  The  strength  of 
apQlar  fixed  at  both  ends  is  twice  as  great  as  if  it  were  rounded 
at  l)oth  ends.  The  crushing  strength  of  a  single  square  cell  or 
tabe  of  wrought-iron  of  large  size,  with  angle-irons  at  the  cor- 
iMn,of  the  construction  adopted  in  tubular  bridges,  is  when  the 
ibiekness  of  the  plate  is  not  less  than  one-thirtieth  of  the  di- 
OMter  of  the  cell,  about  27,000  lbs.  per  square  inch  of  section ; 
vkI  where  a  number  of  such  cells  are  grouped  together  so  as  to 
pwvent  deflection,  the  crushing  strength  rises  to  nearly  86,000  lbs. 
per  square  inch  of  section,  which  is  also  the  crushing  strength 
^  short  wrought-iron  struts.  The  length  of  independent  piUars 
«!  dundd  not  be  more  than  25  times  the  diameter. 
^-  The  weight  in  lbs.  which  a  square  post  of  oak  of  any  length 
i*     ^with  safety  sustain  may  be  detennined  as  follows : — 

TO  DETKEMINB  THE  PBOPEB  LOAD  FOE  OAK  POSTS. 

Rrus,— 2Tj  4  Urnes  the  squa/re  of  the  treadth  in  inches  add 
T,         ^^the  square  of  the  length  infeet^  amd  reseroe  the  sum  for 
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a  diviior.  Multiply  the  cube  ef  Gie  ireadth  in  inehet  By 
8,960  times  the  length  in  fett,  and  ditide  the  produet  hy  tht 
divitoT  found  as  abate.  The  qvotient  i*  the  teeight  in  Ibt. 
which  the  oak  poet  or  pillar  wili  with  t^fety  tmtain. 
Hxample, — WLat  weight  will  a  colonm  of  oak  G  inches  square 
and  12  feet  long  sustain  with  safety ! 

Eoro  the  breadth  of  the  po3t  is  6  inches,  the  sqnoro  of  which 
iH  SG ;  and  4  times  36  ia  144.  The  length  being  13  feet,  tbe 
square  of  the  length  is  144,  half  of  which  U  72 ;  and  72  added  to 
144  givw  216  for  the  divisor.  The  breadth  being  6  inches,  the 
oabe  of  the  breadth  is  216,  and  the  length  being  12  feet,  we  get 
12  times  8,9flO  which  is  47,520.  Thea  216  tJmas  47,520  is  10,- 
284,320,  which  divided  by  218  gives  47,520,  which  ia  the  vnght 
in  lbs.  that  the  post  will  with  safety  sustain. 
The  following  table  is  compnted  from  the  mle  ^von  above; — 

BOANTLINQS   OF   BQUARB   POSTS  OF   OAK. 

With  then^btathoy  will  Bappoii  and  the  extent  of  eurface  of  Beoitiig 
they  wiil  safely  Bustain,  allowing  1  cwt,,  IS  cwt.,  or  2  cwts.  to  (he 
anperficial  foot  of  SooriDg,  and  calcalnted  for  a  height  of  10  feet. 

Hots.— T^au  ScanHii 


EsteiLtof 

BT&ca  of  flooring  .npporWL     | 

.™tp«<W.l 

iDOhw 

Tons.    Owts. 

BqiuKftet 

SqiKTC  f«,t 

Bqujratwt.  \ 

8x3 

0         10 

110 

82i 

BB 

4x4 

9         18 

IBS 

Bx6 

14         14 

394 

220i 

6x6 

19         12 

892 

lUS 

7x7 

24         13 

493 

369 

24d 

8x8 

29         10 

690 

442i 

6x9 

S4          8 

ass 

iS16 

S44 

784 

392 

44           0 

880 

440 

48        16 

976 

732 

488 

ISxlS 

6S         10 

1010 

802^ 

63S 

11G4 

682 

16x16 

62         IB 

issa 

942 

628 
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Similar  ealciilfitioiis  of  the  dimensions  and  loads  proper  for 
notaogolar  colmnns  of  other  woods  may  be  determined  by  a 
nferaice  to  their  relative  cmshing  strengths  given  in  page  128. 

The  formnla  given  by  Mr.  Hodgkinson  for  determining  the 
bleating  freight  of  square  oak  posts  where  the  length  exceeds 
80  times  the  thickness  is 

W=24i;2^. 

wiiere  W  is  the  breaking  weight  in  lbs. ;  d  the  dde  of  the  square 
Inw in  inches;  and  I  the  length  of  the  post  in  feet. 


10  SErKSBONB    THE   FBOPEB   LOAD    TO    BE   FLAOSD  UPOK  BOUD 

PILLABS  OF  OAST-ntOZT. 

The  load  which  may  be  safely  placed  upon  round  posts,  or 
wild  pniars  of  cast-iron,  may  be  ascertained  by  the  following 
role:— 

Bulb. — To  4  times  the  square  of  the  diameter  of  the  solid 
piUar  in  inches,  add  0*18  times  the  square  of  the  length  of  the 
pillar  in  feet,  cmd  reserve  the  sum  for  a  divisor.  Multiply 
the  fourth  power  of  diameter  of  the  pillar  in  inches  hy  the 
WMtant  nurriber  9562  amd  divide  the  product  Jyy  the  divisor 
found  as  above.  The  quotient  is  the  weight  in  lbs.  which  the 
9olid  cylinder  or  post  ofcast-i/ron  wUl  with  safety  sustain* 

Hr.  Hodgkinson's  formula  for  the  breaking  strength  in  tons  of 
Bolid  pillars  of  cast-iron  in  the  case  of  pillars  with  rounded  ends 

Strength  in  tons=14:'9-^^. 

tud  in  pillars  with  flat  ends — 

Strength  in  tons=44-16^ 

^We  d  is  the  diameter  in  inches,  and  I  the  length  in  feet. 

The  loads  in  cwts.  which  may  be  put  upon  solid  cylinders  or 
<H)Iiimiis  of  cast-iron  of  different  diameters  and  lengths  are  ex- 
hibited in  the  following  table : — 
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WEIGHT  IN  CWTS.  STTSTAINABIiE  WITH  SAFETY  BT  SOLID  CYL- 
INDBBS  OB  C0LT7MNB  OF  OAST-IBON  OF  DIFFEBENT  DIAK- 
ETEBS  AND  LENGTHS. 


Diameter 

UEHQTK  OF  OOLUIOr  IN  ntlT^ 

of  column 
in  inches. 

6 

8 

10 

12 

f   1^ 

16 

cwta. 

CWtB. 

cwta. 

cwta. 

cwts. 

CWtSb 

2 

61 

50 

40 

82 

26 

22 

2i 

106 

91 

11 

66 

56 

47 

3 

163 

146 

128 

111 

97 

84 

H 

232 

214 

191 

172 

166 

186 

4 

810 

288 

266 

242 

220 

198 

^ 

400 

379 

864 

327 

801 

276 

5 

501 

479 

462 

427 

894 

866 

6 

592 

673 

660 

526 

497 

469 

1 

1013 

989 

969 

924 

887 

848 

8 

1816 

1289 

1269 

1224 

1186 

1142 

In  hollow  pillars  nearly  the  same  laws  obtain  as  in  solid. 
Thus  in  the  case  of  hollow  pillars,  with  ronnded  ends  or  movable 
ends,  like  the  cast-iron  connecting-rod  of  a  steam-engine,  the 
formula  is — 


Strength  in  tons=18 


and  in  the  case  of  hollow  pillars,  with  flat  ends — 


Strength  in  tons =44*3^ 
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where  D  is  the  external  and  d  the  internal  diameter.  Thfr 
strength  of  a  pillar  with  a  cross  section  of  the  form  of  a  cross 
was  found  to  be  only  about  half  as  great  as  that  of  a  cylindrical 
hollow  pillar.  It  was  also  found  that  in  pillars  of  the  same 
dimensions,  but  of  different  materials,  taking  the  strength  of 
cast-iron  at  1,000,  that  of  wrought-iron  was  1,745,  cast  sted 
2,518,  Dantzic  oak  lOS'S,  and  red  deal  78*5. 

Mr.  Hodgkinson's  rule  for  the  breaking  weight  of  cast-iron 
beams  is  as  follows : — 
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BmjL—Mult^ly  the  Mcti&nal  area  of  the  "bottom  flange  in 
square  inches  hy  the  depth  of  the  team  in  inches^  cmA  dinide 
ike  product  hy  the  length  "between  the  supports  also  in  inches. 
Then  514  times  the  quotient  mil  be  the  breahing  weight  in 
ewts, 

STBEB'-GTH  OF  SHAFTS. 

44  lbs.  acting  at  a  foot  radins  will  twist  off  the  neck  of  a 
diaft  of  lead  1  inch  diameter,  and  the  relative  strengths  of  other 
materials,  lead  being  1,  is  as  follows : — ^Tin,  1*4 ;  copper  4*8 ; 
ydlow  brass,  4*6 ;  gun  metal,  6 ;  cast-iron,  9 ;  Swedish  iron,  9*6 ; 
£n(^  iron,  10*1;  blistered  steel,  16*6;  shear  steel,  17;  and 
cast  steel,  19*5.  The  strength  of  a  shaft  increases  as  the  cube 
of  its  diameter. 


CHAPTER  m. 

THEORY  OF  THE  STEAM-ENGINE. 

Thb  Steam-Engine  is  a  macliine  for  eztraotmg  meohaDioil 
power  from  heat  throngli  the  agency  of  water. 

Heat  is  one  form  of  mechanical  power,  or  more  properly,  ft 
given  quantity  of  heat  is  the  equivalent  of  a  determinate  amoimft 
of  mechanical  power ;  and  as  heat  is  capable  of  producing  power, 
so  contrariwise  power  is  capable  of  producing  heat.  The  nature 
of  the  medium  upon  which  the  heat  acts  in  the  production  cf 
the  power — ^whether  it  be  water,  air,  metal,  or  any  other  sub- 
stance— ^is  immaterial,  except  in  so  far  as  one  substance  may  be 
more  convenient  and  manageable  in  practice  than  another.  But 
with  any  given  extremes  of  temperature,  and  any  given  expen- 
diture of  heat,  the  amount  of  power  generated  by  any  given 
quantity  of  heat  will  be  the  same,  whatever  be  the  nature  of  the 
substance  on  which  the  heat  is  made  to  act  in  the  generation  of 
the  power.  And  just  in  the  proportion  in  which  power  is  gen- 
erated so  will  the  heat  disappear.  We  cannot  have  both  the 
heat  and  the  power;  but  as  the  one  is  transformed  into  the 
other,  so  it  will  follow  that  the  acquisition  of  the  one  entails  a 
proportionate  loss  of  the  other,  and  this  loss  cannot  possibly  be 
prevented.  It  has  been  already  explained  that,  as  in  all  cases  in 
which  power  is  produced  in  a^steam-engine,  there  must  be  a  dif- 
ference of  pressure  on  the  two  sides  of  the  piston,  or  between  the 
boiler  and  the  condenser ;  so  in  all  cases  in  which  power  is  pro- 
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dnoed  in  snj  epecaeB  oi  oalorio  engme,  there  mnst  be  a  difference 
of  tempentore  befcweoi  the  soorce  of  heat  and  the  atmo^here 
or  refiigorator.  The  amount  of  this  difference  will  determine 
the  amount  of  power,  np  to  a  certain  Hmit,  which  a  unit  of 
heat  win  generate  in  any  given  engine.  But  as  it  has  been  al- 
leadj  ej^kined  that  the  mechanical  equivalent  of  the  heat  con- 
nmed  in  heating  1  lb.  of  water  V  Fahrenheit  would,  if  utilised 
without  loss,  raise  a  weight  of  772  lbs.  1  foot  high,  it  will  fol- 
low that  in  no  engine  whatever  can  a  greater  perfonnance  be 
obtained  than  this,  whatever  diJOGerence  of  temperature  we  may 
MBome  between  the  extremes  of  heat  and  cold.  A  wei^t  of 
772  IbflL  raised  1  foot  for  I''  Fahrenheit  is  equivalent  to  a  weight 
of  1889*6  lbs.  raised  1  foot  for  1°  Centigrade;  and  for  conven- 
iflooe  the  term  foot-pound  is  now  very  generally  employed  to  de- 
note the  dynamical  unit^  or  measure  of  power,  expressed  by  a 
weight  of  1  Ibw  raised  through  1  foot.  A  horse-power,  or  as  it 
ia  now  commonly  termed  an  actual  or  indicator  horse-power — 
to  distinguish  it  from  a  nominal  horse-power,  which  is  a  mere 
nwasore  of  capacity — ^is  a  dynamical  unit  expressed  by  88,000  lbs. 
niaed  1  foot  high  in  a  minute ;  or  it  is  560  foot-pounds  per  sec- 
ond; 88,000  foot-poimds  per  minute ;  or  1,980,000  foot-pounds 
porhour.  This  unit  takes  into  account  the  rate  o/toorh  of  the 
nMchine. 

Heat,  like  light,  is  believed  to  be  a  species  of  motion,  and 
there  are  three  forms  of  heat  of  which  a  work  of  this  nature  re- 
9QroB  to  take  cognisance — Sensible  Heat,  Latent  Heat,  and 
^^edfic  Heat 

Sensible  Beat  is  heat  that  is  sensible  to  the  touch,  or  measur- 
Ahle  by  the  thermometer.  Latent  Meat  is  the  heat  which  a  body 
absorbs  in  changing  its  state  from  solid  to  liquid,  and  from  liquid 
to  aeriform,  without  any  rise  of  temperature,  or  it  is  the  heat  ab- 
sorbed in  expansion.  And  JS^ecific  Heat  is  an  expression  for  the 
relative  quantity  of  heat  in  a  body  as  compared  with  that  in 
some  other  standard  body  of  the  same  temperature.  There  is  a 
constant  tendency  in  hot  bodies  to  cool,  or  to  transfer  part  of 
their  heat  to  surrounding  colder  bodies ;  and  contiguous  bodies 
are  said  to  be  of  equal  temperatures  when  there  ceases  to  be  any 
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transfer  of  heat  from  one  to  the  other.  The  most  promment 
phenomena  of  heat  are  Dilatation^  Liqurfactiony  and  VaporitO' 
tion. 

Difference  Ifetween  temperatwre  and  qutmtity  of  heat — ^It  li 
qnite  dear  that  two  pounds  of  boilmg  water  have  jnst  twice  the 
quantity  of  heat  in  them  that  is  contained  in  one  poxmd  of  boil- 
ing water.    Bnt  it  does  not  by  any  means  follow,  nor  is  it  I3ie 
case,  that  two  pounds  of  boiling  water  at  212°  contain  twice  tiie 
quantity  of  heat  that  is  contained  in  two  pounds  of  water  at 
106°.    Experiment  indeed  shows,  that  when  equal  quantities  of 
water  at  different  temperatures  are  mixed  together,  the  resoltfaig 
temperature  is  the  mean  of  the  two,  so  that  if  a  pound  of  water 
at  200°  .be  mixed  with  a  pound  of  water  at  100°,  we  have  a  re- 
sulting two  pounds  of  water  of  150°.    But  before  we  could  sup- 
pose that  a  pound  of  water  at  200°  has  twice  the  quantity  of  heat 
in  it  that  is  contained  in  a  pound  of  water  at  100°,  it  would  be 
necessary  to  conclude  that  water  at  0°  or  zero,  has  no  heat  in  at 
whatever.    This,  however,  is  by  no  means  the  case;  and  tem- 
peratures much  below  zero  have  been  experimentally  arrived  8^ 
and  even  naturally  occur  in  northern  latitudes.    A  pound  of  iee^ 
at  a  temperature  below  zero,  rises  in  temperature  by  each  soo* 
cessive  addition  of  heat,  until  it  attains  the  temperature  of  8S*, 
when  it  be^s  to  melt ;  and,  notwithstanding  successive  addi- 
tions being  made  to  its  heat,  its  temperature  rel^ses  to  rise  aboye 
82°  until  liquefaction  has  been  completed.    So  soon  as  all  theiee 
has  been  melted,  the  temperature  of  the  resulting  water  "wffl 
continue  to  rise  with  each  successive  increment  of  heat,  until  tb* 
temperature  of  212°  has  been  attained,  when  the  water  will  hf^ 
and  all  subsequent  additions  to  the  heat  will  be  expended  in  evip^ 
orating  the  water  or  in  converting  it  into  steam.    Althooi^ 
therefore,  a  pound  of  water  in  the  form  of  steam  has  only  tk0 
same  temperature  as  a  pound  of  boiling  water,  it  has  a  great  deil 
more  heat  in  it,  as  is  shown  by  the  fact  that  it  will  heat  to  • 
given  temperature  a  great  many  more  pounds  of  cold  water  thi* 
a  pound  of  boiling  water  would  do. 

Absolute  zero. — ^The  foregoing  considerations  lead  naturaOT 
to  the  inquiry  whether,  although  bodies  at  the  zero  of  rahpe**" 
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hot'fl  8oale  are  stall  posseBsed  of  some  heat,  there  may  not,  nover- 
tiulesBj  be  a  point  at  which  there  would  be  no  heat  whatever, 
tod  which  x>oint  therefore  constitutes  the  true  and  absolute  zero. 
Sooh  a  point  has  neyer  been  practically  arrived  at  But  the  law 
of  the  elastidtj  of  gases  and  their  expansion  by  heat,  leads  to 
tte  eonohudon  that  there  is  such  a  point,  and  that  it  is  situated 
461'2^  Fahrenheit  below  the  zero  of  Fahrenheit's  scale,  or  in 
otibsr  words  that  it  is  —461-2°  Fahrenheit,  —274°  Centigrade, 
or  -419*2^  Beaumur.  Mr.  Ranldne  has  shown,  that  by  reckon- 
ing tsmperatures  from  this  theoretical  zero,  at  which  there  is  sup- 
pond  to  be  no  heat  and  no  elasticity,  the  phenomena  dependent 
ipoQ  temperature  are  more  readily  grouped  and  more  simply  ez- 
preoBed  than  would  otherwise  be  possible. 

Fioped  Temperatures, — ^The  circumstance  of  the  temperatures 
of  fique&ction  and  ebullition  being  fixed  and  constant,  enables 
uto  obtain  certain  standard  or  uniform  temperatures,  to  which 
aU  others  may  easily  be  referred.  One  of  these  standard  tem- 
pentoreB  is  the  melting-point  of  ice,  and  another  is  the  boiling- 
point  of  pure  water  under  the  average  amospheric  pressure  of 
14*7  lbs.  on  the  square  inch,  2116*8  lbs.  on  the  square  foot ;  or  un- 
dor  the  jKressure  of  a  vertical  column  of  mercury  29*922  inches 
U^  the  mercury  being  at  the  density  proper  to  the  tempera- 
ture of  melting  ice. 

Tkennometers, — ^Thermometers  measure  temperatures  by  the 
dilitetion  which  a  certain  selected  body  undergoes  from  the  appli- 
cation of  heat.    Sometimes  the  selected  body  is  a  solid,  such  as 
a  rod  of  brass  or  platinum ;  at  other  times  it  is  a  liquid,  such  as 
merenry  or  spirits  of  wine ;  and  at  other  times,  again,  it  is  a 
gis^  Buch  as  air  or  hydrogen.    In  a  perfect  gas  the  elasticity  is 
p]X)portianate  to  the  compression,  whereas  in  an  imperfect  gas, 
suoih  as  oarbonio  acid,  which  may  be  condensed  into  a  liquid,  the 
rate  of  elastidty  diminishes  as  the  point  of  condensation  is  ap- 
proached.   Every  gas  approaches  more  nearly  to  the  condition 
ci  a  perfect  gas  the  more  it  is  heated  and  rarefied,  but  an  abso- 
lutely perfect  gas  does  not  exist  in  nature.    Oommon  air,  how- 
ever, approaches  suffidently  to  the  condition  of  a  perfect  gas,  to 
be  a  just  measure  of  temperatures  by  its  expansion. 
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Air  and  all  other  gases  expand  equally  with  equal  inGremento 
of  temperature ;  and  it  is  foimd  experimentally  that  a  oabio  ^ooC 
of  air  at  the  temperature  of  melting  ioe,  or  82^,  will  form  l'Zfi& 
cnbio  feet  of  the  same  pressure  at  the  temperature  of  boiBng 
water,  or  212°.    Thermometers,  however,  are  not  generally  ooik» 
stmcted  with  air  as  the  expanding  fluid,  except  for  the  measure- 
ment of  yery  high  temperatures.    The  most  usual  species  of  thcv- ' 
mometer  condsts  of  a  small  glass  bulb  filled  with  merouiy,  anift  ! 
in  connection  with  a  capillary  tube.    The  bulb  is  immersed  in  tiie  [ 
substance  the  temperature  of  which  it  is  desired  to  asoortidtl;  : 
and  the  amount  of  the  dilatation  is  measured  by  the  heig^  to  i 
which  the  mercury  is  forced  up  the  capillary  tube.    The  theiv 
mometer  commonly  used  in  this  country  Is  Eahrenh^t's  thcit^ 
mometer,  of  which  the  zero  or  0  of  the  scale  is  fixed  at  tiie 
temperature  produced  by  mrdng  salt  with  snow;   and  whiiiit 
temperature  is  82°  below  the  freezing-point  of  water.    The  OeA-  . 
tigrade  thermometer  is  that  commonly  used  on  the  continent  of  I 
Europe ;  and  it  is  graduated  by  dividing  the  distance  between  (lie  / 
point  where  the  mercury  stands  at  the  freezing-point  of  wnUtf  j 
and  the  point  where  it  stands  at  the  boiling-point  of  water,  ioia ; 
100  equal  parts.    Of  this  thermometer  the  zero  is  at  the  freee*'  / 
ing  point  of  water.     Another  thermometer,  called  Beaumnr^  / 
thermometer,  has  its  zero  also  at  the  freezing-point  of  water;  • 
and  the  distance  between  that  and  the  boiling-point  of  wtttar  | 
is  divided  into  eighty  equal  parts.    Hence  80°  Beaumur  are  e^ ' 
to  100°  Centigrade,  and  180°  Fahrenheit.     The  correspond- 
ing degrees  of  these  thermometers  are  shown  in  the  foUowlDg 
table : —  :i 
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Water,  in  common  with  molteu  cast-iron,  molten  bismnth, 
nd  TariooB  other  flnid  Babatanoes,  the  partioloB  of  which  oBsoms 
■  crj-stalline  arrangement  daring  congeUtion,  snffera  an  incrooao 
of  bulk  as  the  point  of  congelation  is  approBohed,  and  expands  in 
■olidiQ^g.  Bnt  so  Boon  aa  any  of  these  Bubstances  has  become 
■olid,  it  tiien  contracts  with  every  diminntdon  of  temperatore. 
Water  in  freeing  bnrsts  by  its  ezpannon  any  vessel  in  which  it 
may  be  confined,  and  ice,  b^g  lighter  than  water,  floats  upon 
vater.  Bo  also  for  a  like  reason  solid  cast-iron  floats  on  molten 
cut-iron.  Thepoiat  qfmaxkamn  deiaity  i^  water  it  89'1°  Fahr 
rmAeit,  and  between  that  point  and  83°  the  bnlk  of  water  in- 
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creases  hj  cold.  A  culric  foot  of  water  at  83°  weighB  62'435 
lbs.,  whereas  a  oqMc  foot  of  ice  at  Si"  weighs  only  BT-5  Itia. 
There  is  conseqaeatlj  a  difference  of  nenrl;  6  lbs.  in  each  aaina 
foot,  between  the  weight  of  ice  and  the  weight  of  water. 


DILATATIOS. 

Dilatation  qfSoliih. — A  solid  body  of  bomogoneoua  tastnre 
will  dilate  nnifonaly  throughoot  its  entire  bnit  by  the  appUear 
taon  of  heat.  Thus,  if  it  be  found  that  a  bar  of  zino  ia  increased  | 
one  340th  port  of  its  length  by  being  rmscd  in  temperature  bmA 
83°  to  312",  ita  breadth  will  also  be  inereaaed  one  340th  part, 
and  its  thickness  will  be  increased  one  340th  part.  It  is  foood, 
moreover,  that  equal  increments  of  heat  produce  eqnal  aagmes^, 
tations  of  Tolome  in  nearly  all  bodies,  at  all  temperatarea,  QntQ 
the  molting-poiDt  ia  approached,  when  irregnlaritjea  oocmi 
Different  solida  dilate  to  different  amonnta  when  sabjectod  to. 
the  same  increase  of  temper atnre,  and  advantage  is  token  of  this^ 
property  in  the  arts  in  the  conatmction  of  time-keepers  sntl 
other  instnunenta.  Thns,  in  Horrison'a  gridiron  pendnlum,  tha' 
ball  is  composed  of  bars  of  diflerent  metals,  some  of  whicll  ex- 
pand more  than  the  others  at  the  Bume'temperatnre;  andaaftu 
bars  which  expand  the  most  are  fixed  at  the  lower  enda  and  ex- 
pand upwards,  they  compensate  for  the  expansion  of  the  pendB> 
Inm  rod  in  the  opposite  direction,  and  maintain  the  centre  of  o^* 
dilation  in  the  same  place.  The  following  table  eshibita  thtf 
rates  of  dilatation  of  various  solids,  aa  ascertained  by  the 
authorities : — 
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inn,  niujid  wir&drawn 


Ijiild  (Freach  stamliird)  annealed . . 
Gold  (ditto)  Dot  umcalcd 


0-OD138046 
0-00133804 
0-00146800 
0-001BI3el 
0-001fl616B 
000171320 
0-00171788 
0-00172240 


0001BOB74 
0-001B37B9 
0-00217299 
0-00284838 


According  ta 
!Im,  white  (barometer  tubes) 


1 


Eiemuth 

.  Copper  8  parts,  t! 


J13B167 
Jl 70000 
31816S7 
3181500 


t 


i  eTKAH-SKHHX. 


SILi.TAT10K  OV  eOUDS  BT  BRiX—MUtrnVed, 


Solder  (copper  2  parts,  a 


Tin  (grain) 

Solder  wliile  (tin  1  part,  lead  2) 

S^o  S  porta,  tin  1,  eligliUj  toTgei.. . 


Sililstloii  In  FtmUou  0 


0-00298333 
0-0021B333 
0-OOaS0688 

O'Ooaeeiei 

0-00288867 
0-OO294167 


o-ooiooooo 

According  to  Duiong  and  Petit 


xr 

to  212° 

XV.- 

to  613° 

»r 

to  212° 

MB" 

to  B92° 

«r 

to  672° 

RW 

flB" 

to  673° 

to  213° 

ar 

to  672° 

0-00275482 
0-00086133 
0-00184602 


Aea>Tdi«g  to  Traiiffhton. 


Steel  wire,  drann. . , 
aaver 


From 


Glass  rtube) 

Glasa  (eolid  rod) 

Gloaa  coat  (prisiD  of). . 

Sted{rod  of) 

Braaa  (Hsunburg) 

Brass  (English)  rod 

Brass  (English)  angular. 


O-OO077HBO 


Volgu-. 


TOT 


t 


000118210 
0-0O44052S 
0-00171830 
000664972 


000009180 
0-001 18SB0 
0-00144010 
000191880 


0-OOJIlOOO 
0-00114400 
0-00185650 
0-0018929S 
O-O0I8B4(>0 
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MMUiwre  i^ftka  Force  qf  Dilatation,— The  force  with  which 

lolid  bodies  dilate  and  contract  is  equal  to  that  which  would 

^oompresB  them  throagh  the  space  they  have  dilated,  or  to  that 

.wMoih  would  stretch  tiiem  throngh  a  space  equal  to  the  amount 

-cf  their  contraction.    Now,  as  it  has  been  shown  to  be  a  phys- 

iofll  law  that  in  every  sabstance  whatever,  the  same  expenditure 

of  heat^  with  the  same  extremes  of  temperature,  will  generate 

:flie  same  amount  of  mechanical  power,  it  will  follow  that  the 

'}m  a  body  expands  with  any  given  increase  of  temperature,  the 

ttore  forciUe  will  be  the  expanaon,  since  the  force,  multiplied 

il^the  space  passed  through,  must,  in  every  case  be  a  constant 

fmitity. 

Dilatation  qf  Liquids. — ^The  rate  of  expansion  of  liquids 

.koomes  greater  as  the  temperature  becomes  higher,  so  that  a 

neroorial  thermometer,  to  be  accurately  graduated,  should  have 

tiie  graduations  at  tiie  top  of  the  scale  somewhat  larger  than  at 

tin  bottom.    It  so  happens,  however,  that  there  is  a  similar 

iin^giilarity  in  the  expansion  of  the  glass  bulb,  but  in  an  opposite 

'ffireotlon ;  and  one  error  very  nearly  corrects  the  other.    Ther- 

.Bflmeters  are  accordingly  graduated  by  immersiog  the  bulb  in 

iiBelting  ice,  and  marking  ^e  point  at  which  the  mercury  stands. 

The  point  at  which  the  mercury  stands  when  the  bulb  is  im- 

merBed  in  boiling  water  is  next  marked,  and  the  space  between 

the  two  marks  is  divided  into  180  equal  parts,  and  the  graduatfen 

is  extended  above  the  boiling-point  and  below  the  freezing,  by 

eontinuing  the  same  lengths  of  division  on  the  scale.     The 

huvement  of  volume  which  water  receives  on  being  raised  from 

S2*  to  212°  is  ^rd  of  its  bulk  at  32°.    Mercury  at  32°  expands 

Ath  of  its  bulk  at  32°  by  being  raised  to  212° ;  and  alcohol,  by 

the  same  increase  of  temperature,  increases  in  volume  ^th  of  its 

bulk  at  82°. 

Compression  and  Dilatation  of  Gases, — ^When  a  gas  or 
T&pour  is  compressed  into  half  its  original  bulk,  its  pressure  is 
doubled;  when  compressed  into  a  third  of  its  original  bulk,  its 
pressure  is  trebled ;  when  compressed  into  a  fourth  of  its  original 
bulk,  its  pressure  is  quadrupled ;  and  generally  the  pressure  varies 
inversely  as  the  bulk  into  which  the  gas  is  compressed.    So,  in 
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like  manner,  if  the  yolnme  be  doubled,  the  pressnre  is  mil 
half  of  what  it  was  before — the  pressnre  being  in  eye 
reckoned  from  0,  or  from  a  perfect  vacnam.  Thns,  if 
the  average  pressure  of  the  atmosphere  at  14*7  lbs. 
square  inch,  a  cubic  foot  of  air,  if  suffered  to  expand  inl 
its  bulk  by  being  placed  in  a  vacuum  measuring  two  cul 
will  have  a  pressure  of  7*86  lbs.  above  a  perfect  vacui 
also  of  7*85  lbs.  below  the  atmospheric  pressure ;  wherea 
cubic  foot  be  compressed  into  a  space  of  half  a  cubic  f 
pressure  will  become  29*4  lbs.  above  a  perfect  vacuum,  a 
lbs.  above  the  atmospheric  pressure.  This  law,  which  v 
investigated  by  Mariotte,  is  called  Mdriotte's  law.  It  has 
been  stated  that  a  cubic  foot  of  air  at  82"*  becomes  1*86 
feet  at  212°,  the  pressure  remaining  constant ;  or  if  the 
be  kept  constant,  then  the  pressure  of  one  atmosphere  at 
comes  1*865  atmospheres,  or  a  little  over  H  atmospheres  i 
These  two  laws,  which  are  of  the  utmost  importance  in  al 
ical  researches,  it  is  necessary  fully  to  understand  and  ren 
The  rates  of  dilatation  and  compression  for  each  gas  are  i 
oisely  the  same ;  but  the  departure  from  the  law  is  so  s 
to  be  practically  inappreciable.  According  to  M.  Eegna 
dilatation  under  the  same  pressure,  and  the  increase  of  p 
with  the  same  volume  of  different  gases  when  heated  fr 
to  212°,  is  as  follows : — 

OO-EFFIOIENTS  OF  DILATATION  OF  DIFFEBENT  GASEg 


Hydrogen 

Atmospheric  air 

Nitrogen 

Carbonic  aside 

Carbonic  acid 

Protoxide  of  nitrogen. 

Sulphurous  acid , 

Cyanogen 


Pressure 

Dllati 

ander  constant 

under  c 

voume. 

prest 

0-3667 

0-3 

0-3666 

0-3 

0-3668 

t( 

0-3667 

0-8 

0-8688 

0-3 

0-3676 

0.8 

0-8846 

0-8 

0-3829 

0.8 

The  rates  of  dilatation  vary  somewhat  with  the  pressi 
mperature,  and  in  the  case  of  gases,  which  are  more 
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<onden«ihle  into  liqiiids,  the  rate  of  dilatation  increases  rapidly 
with  the  density;  whereas  the  effect  of  heat  is  to  remove  these 
irregolarities,  and  to  maintain  more  completely  the  condition  of 
a  perfect  gas. 

If  we  take  the  dilatation  of  atmospheric  air  when  heated  180°, 
or  ttom  82°  to  212°,  at  0*867  as  determined  by  K  Begnanlt, 
&ea  Hie  amonnt  of  ezpanaon  which  it  will  undergo  from  each 
faerease  of  one  degree  in  temperature  will  be  180th  of  0*867  = 
180th  of  rff^  —  iff^i^s  =  thf  ^  o^®r  words,  air  will  be 
olarged  ^Irirth  part  of  its  bulk  at  82°  by  being  raised  one  degree 
ia  temperature. 

If  Uie  same  quantity  of  aur  or  gas  be  simultaneously  submitted 
to  ohanges  of  temperature  and  pressure,  the  relations  between 
ifci  volumes,  pressures,  and  temperatures,  will  be  expressed  by 
fte  general  formula — 


T 

490  ±T 

p'. 

_— 

X 

— > 

V 

490  ±  t' 

p 

where  t  and  t'  express  the  number  of  degrees  above  or  below 
te°  at  which  the  temperature  stands,  +  being  used  when  iibove 
ad'— when  helow  82°,  and  the  pressures  being  expressed  in  the 
nmifll  manner  by  p  and  p'.  By  this  formula,  the  volume  of  a  gas 
>t  any  proposed  temperature  and  pressure  may  be  found,  if  its 
▼ohme  at  any  other  temperature  and  pressure  be  given,  or  the 
same  thing  may  be  done  by  the  following  rule: — 

'HE  BULK  OF  A  GAS  AT  82°  BKDfO  KNOWN,  TO  DETEEMINK  ITS 
BULK  AT  ANY  OTHEB  TEMPEBATUBE,  THE  PBESSUBE  BEINO 
CONSTANT. 

EuLE. — Divide  the  difference  between  the  number  of  degrees  in 
the  temperature  and  82°  5y  490.  Add  the  quotient  toXif 
the  temperature  le  above  82°,  and  subtract  it  from  1  if  it  be 
helow  82°.  Multiply  the  volume  of  the  gas  at  82°  by  the 
resulting  number^  amd  the  product  will  be  the  volume  of  the 
gas  at  the  proposed  temperature. 

Example  1. — What  volume  will  1000  cubic  inches  of  air  at 
82°  acquire  by  being  heated  to  1000°  Fahrenheit? 
7 
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EXPANSION  OF  DRT  AIR  BT  HEAT. 

Hn  th*  eolimiia  T.  of  Um  Mlowliig  tabU  arc  axpinMed  !b  «alile  IndMt  At 
Mad  eabie  IndiM  of  a&r  at  SS8  will  have  at  thetamperatana  ezpmied  iatho  eoli 
vqppoMdto  bo  maltitalBod  nadar  ika  Mma  pwMmoj 


wlddialhMi- 
T^thaairlMtav 


T. 

V. 

T. 

8 

V. 

T. 

66 

V. 

T. 
124 

V. 

T. 

T. 

-«) 

882-7 

961-0 

1069.4 

1187-8 

182 

18061 

— 4» 

884-7 

9 

9581 

67 

1071-4 

125 

1189-8 

188 

1808-8 

--i8 

886-7 

10 

956-1 

68 

1078-6 

126 

1191-8 

184 

1810-8 

— 4T 

888-8 

11 

9671 

69 

1076-6 

127 

1198-9 

186 

1818-8 

—46 

840-8 

12 

969-2 

70 

1077-6 

128 

1196-9 

186 

1814-8 

—46 

842-8 

18 

961-2 

71 

1079-6 

129 

1198H) 

187 

1818-8 

-44 

844*9 

14 

968*8 

72 

1081*6 

180 

1200-0 

188 

1818-4 

—48 

846-9 

15 

966-8 

78 

1088-7 

181 

1202-0 

189 

1880-4 

-4ffi 

849-0 

16 

967-8 

74 

1086-7 

182 

1204-1 

190 

18884 

-41 

861-0 

17 

969-4 

75 

1087-8 

188 

1206-1 

191 

1884-5 

-40 

868-1 

18 

971-4 

76 

1089-8 

184 

1208*2 

192 

m»6 

—89 

866-1 

19 

978-5 

77 

1091-8 

186 

1210-2 

198 

1888^ 

-88 

867-1 

20 

976-6 

78 

1098-9 

186 

1212-2 

194 

1880« 

—87 

850-2 

21 

977-6 

79 

1096-9 

187 

1214-8 

196 

1888-6 

-86 

861-2 

22 

979-6 

80 

1098-0 

188 

1216-8 

196 

1884-7 

-86 

868-8 

28 

981-6 

81 

1100-0 

189 

1218-4 

197 

1886-7 

-«4 

866« 

24 

968-7 

82 

1102-0 

140 

1220-4 

198 

1888-8 

—88 

867-8 

26 

986-7 

88 

1104-1 

141 

1222-4 

199 

1840-8 

S2 

869-4 

26 

987-8 

84 

1106-1 

142 

1224-5 

200 

1842-9 

-81 

871-4 

27 

989-8 

86 

1108-2 

148 

1226-5 

201 

1844-9 

-80 

878-6 

23 

991-8 

86 

1110*2 

144 

1228-6 

202 

1846-0 

—29 

876-6 

29 

998*9 

87 

1112-2 

145 

1280-6 

208 

1849-0 

—28 

877-6 

80 

995*9 

88 

1114-8 

146 

1282-7 

204 

1861-1 

—27 

879-6 

81 

998-0 

89 

1116-8 

147 

1284-7 

206 

1858-1 

—26 

881-6 

82 

1000-0 

90 

1118-4 

148 

1286-7 

206 

1866-1 

—26 

888-7 

88 

10021) 

91 

1120*4 

149 

1288-8 

207 

ISST-S 

—24 

886-7 

84 

10041 

92 

1122*4 

150 

1240-8 

208 

188H 

—28 

887-8 

86 

1006-1 

98 

1124-6 

161 

1242-9 

209 

18614^ 

—22 

889-8 

86 

1008-2 

94 

1126-6 

152 

1244-9 

210 

1868-4 

-21 

891-8 

87 

1010-2 

95 

1128-6 

158 

1246-9 

211 

1866-6 

-20 

898-9 

88 

1012-2 

96 

1180*6 

164 

1249-0 

212 

1867-6 

—19 

896-9 

89 

1014-8 

97 

1182-7 

156 

1251-0 

218 

1869-8 

—18 

898-0 

40 

1016-8 

98 

1184-7 

166 

1258-0 

214 

1871-4 

-17 

900-0 

41 

1018-4 

99 

1186-7 

167 

1266-1 

215 

1878-8 

-16 

902-0 

42 

1020-4 

loo 

1188-8 

158 

1267-1 

216 

1876* 

—16 

904-1 

48 

1022-4 

101 

1140-8 

169 

1259-2 

217 

1877-6 

—14 

906-1 

44 

1024-5 

102 

1142-0 

160 

1261-2 

218 

18T9^ 

—18 

908-2 

46 

1026*5 

108 

1144-9 

161 

1268^ 

219 

isai-J 

—12 

910-2 

46 

1028*6 

104 

1147-0 

162 

1266-8 

220 

1888-T 

—11 

912-2 

47 

1080-6 

105 

1149-0 

162 

1267-8 

280 

1404-1 

—10 

914-8 

48 

1082-7 

106 

1151-0 

164 

1269-4 

240 

1424-6 

—  9 

916-8 

49 

1084-7 

107 

1168-1 

166 

12T1-4 

250 

1444-; 

—  8 

918-4 

60 

l086*7 

108 

1166-1 

166 

1278*6 

260 

148j; 

—  7 

920-4 

51 

1088*8 

109 

1157*1 

167 

1276-6 

270 

1486-T 

—  6 

922-6 

62 

1040-8 

110 

1169-2 

168 

1277-6 

280 

^^i 

—  5 

924-6 

58 

1042*9 

111 

1161-2 

169 

1279-6 

290 

168g 

—  4 

926-6 

64 

1044-9 

112 

1168-8 

170 

1281-6 

800 

^"!S 

—  8 

928-6 

56 

1046*9 

118 

1166-8 

171 

1288*7 

400 

iwi-f 

—  2 

980-6 

66 

1049*0 

114 

1167-8 

172 

1285-7 

500 

1^ 

—  1 

982-7 

57 

1061-0 

116 

1169-4 

178 

1287-8 

600 

S2J 

0 

984-7 

58 

1058-1 

116 

1171-4 

174 

1289*8 

700 

*52J 

1 

986-7 

59 

1055-1 

117 

1178-6 

176 

1291-8 

800 

26e7« 

ami 

2975J 
501«J 

2 

988-8 

60 

1057-1 

118 

1175-5 

176 

1298*9 

900 

8 

940-8 

61 

1069-2 

119 

1177-6 

177 

1296*9 

1000 

4 

942-9 

62 

1061*2 

120 

1179-6 

178 

1298*0 

1500 

6 

944-9 

68 

1068-8 

121 

1181-8 

179 

1800-0 

2000 

6 

947-0 

64 

1066-8 

122 

1188-7 

180 

18020 

2500 

7 

949-0 

65 

1067*8 

128 

1186-7 

181 

1804-1 

8000 

■'Cr 
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The  difference  between  1000''  and  82''  is  968,  which  divided  bj 
490  — 1-9766,  and  this  added  to  1 — 2*9766.  Then  1000  x  2*9766 
—  2976*6,  which  will  be  the  yolume  in  cable  inches  at  1000°. 

JBitampU  2.-«What  will  be  theyolnme  of  the  above  air  at  2000°  f 

Here  2000  —  82  =  1968  which  -^  by  490  —  4*0168,  and  this 
added  to  1  =  6*0168.  Finally,  6*0168  x  1000  =  6016*8,  which 
will  be  the  volome  of  the  air  in  cnbic  inches  at  2000°. 

The  volome  which  1000  cnbic  inches  of  air  at  82°  acquires  at 
an  the  varioas  temperatures  between  —  60°  and  8000°  is  shown 
in  the  preceding  table : 

AiroTHEB  BnuE. — To  each  of  the  temperatures  "before  and  after 
Mpansian  add  the  eonetant  number  469 :  divide  the  greater 
9um  by  the  lesser,  and  multiply  the  quotient  by  the  volume 
at  the  lower  temperature,  and  the  product  will  give  the  ex- 
panded volume. 

Example  1.— What  will  be  the  volume  of  1000  cubic  inches 

of  air  at  82°  when  heated  to  212°,  the  pressure  being  without 

alteration? 

212  +  469 
Here       $2  +  469  ~  •^*^^^»  which  multiplied  by  1000=1866, 

whidh  will  be  the  volume  in  cubic  inches  at  212°. 

Example  2. — ^If  the  volume  of  steam  at  212°  be  1696  times 
the  Yolnme  of  the  water  which  produced  it,  what  will  the  vol- 
ume be  if  the  steam  be  heated  to  260*8  degrees  Fahrenheit,  the 
preomre  remaining  constant  f 

Here  by  the  rule  212+469=671  and  250*3 +459=709-3°. 
Koreover,  709*8  divided  by  671  and  multiplied  by  1696=1792*8, 
which  win  be  the  bulk  which  the  1696  measures  of  steam  will 
acquire  when  heated  to  250*8°  out  of  contact  with  water,  the 
pressure  remaining  the  same  as  at  first. 

If  we  take  the  co-efficient  of  expansion  of  a  perfect  gas  be- 
tween 82°  and  212°  at  0-365  instead  of  0*367,  the  expansion  per 
degree  Fahrenheit  will  be  ^^.^  of  the  total  bulk=0-0020276 
per  degree  Fahrenheit,  instead  of  ^ii^th,  as  supposed  by  the  rule 
from  which  the  table  is  computed.  This  is  equivalent  to  start- 
ing from  the  point  of  absolute  zero,  or  461*2°  below  the  zero  of 
Fahrenheit;  as 461*2° +32°  =493*2' 
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TABLE  SHOWING  THE  HELTING  POINTS  OF  YABIOUS  BODIES,  IN  I 

aBEES  OF  Fahrenheit's  thebmometeb. 


Name  of  Substanoe. 


Platinum 

English  wrought-iron  . . . 
French        "         "    ... 

Steel 

"  another  sample  . . . . 
Oast-iron 

manganese 

brown,  fusible 

"      very  fusible. 

white,  fusible 

"     very  fusible.. 

Gold  (very  pure) 

Gh>ldcoin 

Copper 

Brass 

Silver  (very  pure) 

Bronze 

Antimony 


u 

CI 

u 


Zinc 


Lead. 


Bismuth. 


Tin. 


Alloy,  6  parts  tin 

1  part  lead 
Alloy,  4  parts  tin 

1  part  lead 
Alloy,  8  parts  tin 

1  part  lead 
Alloy,  2  parts  tin 

1  part  lead 
Alloy,  1  part  tin 


3  parts  lead ) 


460 


662 


Degrees  Fahren. 

Ezperimentaliit 

8082'' 

Clarke. 

2912 

Yauquelin. 

2782 

PouiUet 

2662 

ii 

2872 

cc 

2192 

cc 

2282 

i( 

2192 

IC 

2012 

u 

2012 

l( 

1922 

tt 

2282 

cc 

2166 

cc 

1922 

cc 

1869 

Baniell. 

1882 

Pouillet 

1662 

Cl 

810 

iC 

700 

Murray. 

706 

G.  Morveau. 

680 

Pouillet 

629 

Person. 

608 

Pouillet 

690 

Irvine. 

618 

Person. 

609 

Ermann. 

606 

Pouillet 

480 

Crichton. 

612 

G.  Morveau. 

466 

Person. 

446 

PouiUet 

442 

Crichton. 

433 

Ermann. 

381 

PouiUet 

872 

u 

867 

u 

ti 


(( 
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TABLE  SHOWING  THE  MELTING  POINTS  OF  YABIOUS  BODIES,  IN  DE- 
GREES OF  FAHBENHETT^S  THEBMOMETEB^ — Continued. 


Name  of  Substance. 


Alloy,  3 
1 

Alloy,  2 
1 

Alloy,! 
1 

Alloy,  4 
1 
5 

Sdphnr 

Iodine.. 

Alloy,  2 
8 
6 

inoy,  6 
3 
8 

Alloy,  1 
1 
4 

Soda... 


parts  tin 
part  bismuth 
parts  tin 
part  bismuth] 
part  tin 
part  bismuth 
parts  tin 
part  lead 
parts  bismuth 


I 


parts  lead 
parts  tin 
parts  bismuth 
parts  lead 
parts  tin 
parts  bismuth 
part  lead 
part  tin 
parts  bismuth 


Potash 


Phosphorus.. 


Stearic  add. . . . , 
Wax  bleached. . 

Wax  unbleached. 


Stearine 

Spermaceti 

Acetic  acid 

Tallow 

Ice 

Oil  of  turpentine, 
Mercury 


Degrees  Fahren. 


892 

833*9 

286-2 

246 

239 
237 
226 

212 
212 

201 

194 

162 

136 

111-6 

109 

100 

168 

164 

142 

143 

120 

109 

120 

113 

92 

82 

14 
—38.2 


Experimentalist. 


Pouillet. 


tc 


cc 


« 


Person. 
Dumas. 
PouiUet 


cc 


cc 


cc 


Gay-Lussac. 

(I 

Pouillet. 

Person. 
Pouillet. 

Murray. 
PouiUet. 

iC 

cc 

Person. 

Pouillet 
ct 

cc 

cc 

cc 

cc 

cc 

cc 
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MQUEPAOnON. 

Solidity  is  an  accident  of  temperature,  as  there  is  every  rea- 
son to  believe  that  there  is  no  substance  in  nature  which  may 
not  be  melted,  and  even  vaporised,  by  the  application  of  power- 
fid  heat 

There  are  two  incidents  attending  liquefaction  that  are  wor- 
thy of  special  attention :  the  first  is  that  the  liquefaction  al- 
ways takes '  place  at  the  same  temperature  in  the  case  of  the 
same  substance,  so  that  the  melting-point  may  in  fact  be  used 
as  an  index  of  temperature ;  and  the  second  is  that  during  lique- 
faction the  temperature  remains  fixed,  the  accession  of  heat 
which  has  been  received  during  the  process  of  liquefaction  being 
consumed  or  absorbed  in  accomplishing  the  liquefaction,  or  in 
other  words  it  has  become  latent.    This  heat  is  ^ven  out  again 
in  the  process  of  solidification.    Water  deprived  of  mr  and  cov- 
ered with  a  thin  film  of  oil  may  be  cooled  to  20°  or  22°  below, 
the  freezing-point.    But  on  solidification  the  temperature  wiD 
rise  to  the  freezing-point.    Each  different  substance  has,  under 
ordinary  circumstances,  its  own  particular  melting-point;  bnfc 
it  is  found  that  the  electrical  condition  of  a  body  affects  its  melt- 
ing-point, and  that  electricity  will  fase  bodies  at  a  low  tempera- 
ture which  commonly  require  for  their  fusion  a  very  high  degree 
of  heat.    Thus,  platinum  may  be  melted  or  vaporised  by  an 
electrical  current,  even  although  the  heat  generated  is  small; 
and  a  process  for  separating  metals  from  their  ores  by  the  aid  of 
electricity  has  been  projected  by  using  low  temperatures,  aided 
by  electricity,  instead  of  high  degrees  of  heat.    In  Part  XV.  of 
Taylor's  Scientific  Memoirs,  page  432,  there  is  a  paper  *  On  the 
Incandescence  and  Fusion  of  Metallic  Wires  by  Electricity,'  1>^ 
Peter  Riess,  being  the  substance  of  a  paper  read  before  tb® 
Royal  Society  of  Berlin ;  and  in  this  paper  it  is  shown  that 
electrical  fusion  and  vaporisation  may  take  place  at  tempera^ 
tures  far  below  those  at  which  metals  are  red  hot.    This  pr(^ 
erty  of  electricity  promises  to  be  of  service  in  the  arts  both  '^ 
rendering  refractory  bodies  fusible  and  in  enabling  bodies  to  b® 
melted  at  low  temperatures,  which  might  be  injured  in  ihflfr 

lities  by  a  subjection  to  high  degrees  of  heat.    Thus  wrought* 
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iron  if  heated  to  a  very  high  temperature,  is  liahle  to  be  bomti 
miless  oareftillj  preserved  from  contact  with  the  air ;  whereas 
by  sending  a  cnrrent  of  electricity  throngh  it,  fhsion  may  be 
aooomplished  at  a  comparatively  low  temperatore,  and  any  in- 
jury to  the  metal  may  thus  be  prevented..  The  melting-points 
of  some  of  the  most  important  substances  are  given  in  the  pre- 
ceding table. 

Latent  Seat  of  Liqurfctetum. — ^Ice  in  melting  absorbs  as 
mnch  heat  as  would  raise  the  temperature  of  the  same  weight 
cf  water  142*65°,  or  as  would  raise  142*65  times  that  weight  of 
water  1  degree ;  yet,  notwithstanding  this  accession  of  heat,  the 
ioe,  during  liquefeustion,  does  not  rise  above  82''.  K  the  heat 
ouployed  to  melt  ice  was  applied  to  heat  the  same  weight  of 
ice-cold  water,  it  would  heat  it  to  the  temperature  of  142*65°  -|- 
82*=:174'65°.  The  following  table  shows  the  amount  of  heat 
which  becomes  latent  in  the  liquefaction  of  various  bodies — ^the 
mdt  of  latent  heat  being  the  amount  of  heat  necessary  to  raise 
the  same  weight  of  water  1  degree : 

UBLK  SHOWmrO  THB  HEAT  WHICH  BECOMES  LATENT  DT  THE 
UQTTBFAOnON  OF  VABIOUS  SOLID  BODIES,  AS  ASOEBTAINED  BY 
ILPEBSON. 


ISTames  of  Sabetancea. 


CSiloride  of  lime. . 
Pho8][^te  of  soda. 

Fhoflphoros 

Bees -wax  (yellow). 
D'Aicet's  alloy.... 

Sulphur.. 

Kn 

Bismuth 

mtiateof  soda.... 

Lead 

l^trate  of  potash.. 
2Qnc 


Points  of 

Latent  Heat 

Fasion 

for  Unity  of 

FBhrenheit 

Weight 

83*3 

72-42 

O'^-S 

120-24 

111*6 

8*48 

143*6 

78*32 

204*8 

10*78 

239*0 

16*51 

465*0 

26*74 

518*0 

22-32 

590*9 

113*36 

629*6 

9*27 

642.2 

83-12 

793.4 

49-43 

By  this  table  we  see  that  the  heat  which  becomes  latent  in 
melting  a  pound  of  bces^  wax  would  raise  the  temperature  of  a 
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pound  of  water  78*32  degrees;  and  the  heat  which  beoomes 
latent  in  melting  a  pound  of  lead  wonld  raise  the  temperature 
of  a  pound  of  water  9 '27  degrees. 

When  th.ere  is  no  external  source  of  heat,  from  which  the 
heat  which  becomes,  latent  in  liquefaction  can  be  derived,  and 
the  circumstances  are,  nevertheless,  such  as  to  cause  liquefiEtGtkm 
to  take  place,  the  heat  which  becomes  latent  is  derived  from  the 
substances  themselves,  and  correspondingly  lowers  their  temper- 
atures.    Thus,  when  snow  and  salt  are  mixed  together,  the 
snow  and  salt  are  dissolved.     But,  as  in  melting  they  absorb 
heat,  and  as  there  is  no  external  source  from  which  the  heat  is 
derived,  the  temperature  of  the  mixture  falls  very  much  below 
that  of  either  of  the  substances  before  mixing.    So,  also,  when 
saltpetre  and  other  salts  are  dissolved  in  water,  cold  is  produced, 
and  on  this  principle  the  freezing  mixtures  are  compounded 
which  are  employed  to  produce  artificial  cold  in  warm  climates. 
A  more  effectual  process,  however,  is  to  compress  air,  which 
heats  it ;  and  the  superfluous  heat  being  got  rid  of  by  water,  It 
will  follow  that  when  this  air  is  again  expanded,  it  will  take 
back  an  amount  of  heat  equal  to  that  which  it  before  lost,  auid. 
which  demand  for  heat  may  be  made  to  cool  surrounding  bodies. 
A  very  effectual  freezing  machine  is  constructed  on  this  princi- 
ple.   But  it  is  material  that  the  air  in  expanding  should  be  mad9 
to  generate  power,  else  the  friction  consequent  on  its  escape  wiU 
generate  heat. 

VAPORISATION. 

As  the  first  phenomenon  of  the  application  of  heat  to  a  solid 
substance  is  to  dilate  it,  and  the  next  to  melt  it,  so  also  the  foi^' 
ther  application  of  heat  converts  it  from  a  liquid  into  a  vapour 
or  gas.    The  point  at  which  successive  increments  of  heat,  in* 
stead  of  raising  the  temperature,  are  absorbed  in  the  generation 
of  vapour,  is  called  the  toiling-point  of  the  liquid.    Different 
liquids  have  different  boiling-points  under  the  same  pressure 
and  the  same  liquid  will  boil  at  a  lower  temperature  in  a  t«- 
cuum,  or  under  a  low  pressure,  than  it  will  do  under  a  big^ 

'Ture.    As  the  pressure  of  the  atmosphere  varies  at  different 
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altitodes,  fiqtiids  will  boil  at  diflTerent  temperatures  at  dififerent 
altitadefl,  and  the  height  of  a  monntain  may  be  approximately  de- 
termined by  the  temperature  at  which  water  boils  at  its  summit. 

D^erenoe  "between  Oaeee  and  Vapours, — ^Vapours  are  sat- 
urated gases,  or  gases  are  yiq>ours  surcharged  by  heat.  Ordi- 
nary steam  is  the  saturated  vapour  of  water,  and  if  any  of  the 
heat  be  withdrawn  from  it,  a  portion  of  the  water  is  necessarily 
preoqdtated.  This  is  not  so  in  the  case  of  a  gas  under  ordinary 
eonditions.  But  if  the  gas  be  forced  into  a  very  small  bulk,  so 
that  much  of  the  heat  is  squeezed  out  of  it,  then  it  will  follow 
Ihat  any  diminution  of  the  temperature  will  cause  a  portion  of 
the  gas  to  condense  into  a  liquid.  Surcharged  or  superheated 
iteam  resembles  gas  in  its  qualities,  and  a  portion  of  the  heat 
maybe  withdrawn  from  such  steam,  without  producing  the  pre- 
o^ltation  of  any  part  of  its  constituent  water. 

Liqu^aetion  of  the  gases. — ^Many  of  the  gases  have  already 
been  brought  into  the  liquid  state,  by  the  coigoint  agency  of  cold 
nd  compression,  and  all  of  them  are  probably  susceptible  of  a 
aniilar  reduction  by  the  use  of  means  sufficiently  powerfrd  for 
&8  required  end.  They  must,  consequently,  be  regarded  as  the 
n^erheated  steams,  or  vapours,  of  the  liquids  into  which  they 
ire  compressed.  The  pressures  exerted  by  some  of  these  steams 
or  gases  are  given  in  the  following  table : — 


TABLE    BHOWHSra    THE    TEMFEBATTJBE    AND    PBESSUBE    AT  WHICH 
THE  SEVERAL  GASES  NAMED  ABE  LIQUEFIED. 


NoMflf  GtiM  oondenBad. 

T«inp«r»tiir* 
in  degTMt 

rf6tBttr6  in 
AtnuMpherM. 

T«inp«r»tiii« 
in  degrew 
Fahranbcit 

PrtMim  fat 
AtmoqpharM. 

SaJphurons  add 

Cyuioeeii  eras 

82° 

82 

32 

82 

32 

32 

32 

1-6 
2-3 
4-0 
4-4 
8-0 
870 
82-0 

46-4° 

60 

61-8 
60 

2-6 

6 

48 

46 

Hydriodic  acid 

Ammoniacal  gas 

Hydrodiloric  acid 

Protoxide  of  azote 

Garbonic  acid 

Latent  heat  of  Etaporatwn. — ^Ithas  already  been  stated,  that 
when  a  liquid  begins  to  boH,  the  subsequent  accessions  of  heat 
7* 
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which  it  reoeivoB  go  not  to  increase  the  temperotnre,  bnt  to  ao- 
'oompliah  the  vaporiftatiou.  The  hoat  which  thus  censee  to  be 
discoverable  hj  the  thermometer  is  called  the  Latent  heat  rf 
Ti^oriiation ;  and  experiments  have  shown,  that  if  the  hest 
thus  oonamued  had  been  emplojed  to  rmse  the  temperstore  of 
the  water,  instead  of  boiling  it  8wa7,  the  temperature  of  the 
water  woidd  have  been  raised  about  1,000  degrees  FBhrenheit, 
or  it  would  have  raised  about  1,000  times  the  same  weight  of 
water  that  is  boiled  off  1  degree  Pahrenheit. 

The  heat  consumed  in  evaporatiDg  the  same  weight  of  dif- 
ferent liquids  varies  verj  much,  hot  it  does  not  follow  that  any 
of  them  would,  therefore,  be  better  than  water  aa  an  agent  fff 
the  generotion  of  power,  as  the  bulk  of  Oie  resulting  vapour  i) 
those  wliich  require  least  heat  is  small,  in  the  proportion  of  the 
amaUer  quantity  of  beat  emended  in  aocompliahing  the  evapora- 
tion. Under  the  preaaure  of  one  atmosphere,  or  14'7  lbs.  per 
sqnare  inch,  the  latent  heat  of  steam  from  water  has  been  found 
to  be  B66-1.  Alcohol,  which  boils  at  172-2,  hna  a  latent  heat  of 
evaporation  of  364'3.  Ether,  which  boils  at  9a°,  has  a  la: 
heat  of  evaporation  of  162'8'',  and  anlphurot  of  carbon,  whioh 
boils  at  114'S°,  has  a  latent  heat  of  evaporation  of  1S6°. 

The  most  important  of  the  resoarches  in  connection  wiUi  tht» 
subject  are  those  which  have  reference  to  the  Latent  heat  ^, 
Steam,  and  this  topic  has  been  illustrated  bj  the  researches  of 
various  eiperiraentalists.  At  the  atmospheric  pressure,  and 
starting  at  the  temperature  of  S12°,  the  following  estimates  of  the 
latent  heat  of  steam  have  been  formed  by  the  best  authorities  ;- 

Watt BBO-°  I  Deapreti SB6-8° 

Southern 946-       Kcgnault 966-1 

Lavcddec 1000-       Fabre  and    I  Bfl4-a 

Eumford 1008-8  I  Silbcrmann  ) 

The  eKperiments  which  are  generally  considered  to  be  th 
most  correct  in  connection  with  this  subject  are  those  of  1£. 
Regnault.  The  following  table,  taken  from  his  resolts,  show 
that  there  ia  a  difference  of  about  150'  between  the  total  heat 
of  the  vapour  of  water  at  the  pressnres  corresponding  to  83' 
and  448°  respectively. 
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SENBIBLE  AND  lATENT  HEAT  OB  STEAM.     BT  V.  BEOITAULT. 


TflanmflBn 
IttmJMH. 

LAtniBMl 

•ad 
Utmi  Baatai 

Ttmamutan 

teteMs 

FaluvSkdt 

Latant  HmI 

•ad 
Lgtmt  HMik 

82 

1092*6 

1124-6 

248 

986-6 

1187-6 

50 

1080*0 

1180-0 

266 

927-0 

11980 

68 

1067-4 

1186-4 

284 

914.4 

1198*4 

86 

1064-8 

1140-8 

802 

901-8 

1208-8 

104 

1042-2 

1146*2 

820 

889-2 

1209*2 

122 

1029-6 

1161-6 

888 

874*8 

1212-8 

140 

1017-0 

11670 

866 

862-2 

1218-2 

168 

1004-4 

1162-4 

874 

849-6 

1223-6 

176 

991-8 

1167-8 

892 

885*2 

1227-2 

194 

979-2 

1178-2 

410 

822-6 

1282-6 

212 

966-6 

1178-6 

428 

808*2 

1286*2 

280 

962*2 

1182-2 

446 

795*6 

1241-6 

Bvles /or  e&nneeting  the  Umperat/wre  cmd  ekutie  foree  of 
vOwaUSL  8team, — ^Yariotis  formnlss  have  been  at  different  times 
propounded  for  dedudng  the  elastic  force  of  satnrated  steam 
fivm  its  temperature,  and  the  temperature  from  the  elastic  force. 
The  experiments  of  Mr.  Southern,  which  were  made  at  the  in- 
staaoe  of  Bonlton  and  Watt,  led  to  the  adoption  of  the  follow- 
ing roles,  which,  though  not  quite  so  accurate  as  some  others 
vhioh  have  since  been  arrived  at,  are  sufficientiy  so  for  practical 
pmposes,  and  being  intimately  identified  with  engineering  prao- 
tioe,  it  appears  desirable  to  retain  them. 

IHI  TXMFEBATUBE  OF  SATTJBATED  STEAM  BEING  OIYEN  IN  DBOEEES 
KAHBENHEIT,  TO  FmD  THE  OOBBESPONDINO  ELASTIO  FOBOE  IN 
INCHES  OF  MEBOTTBY  BY  SOUTHEBN^S  BTJLE. 

BcLE.— 7b  the  given  temperatv/re  add  51-3  degrees.  From  the 
logarithm  of  the  sum  subtract  the  logarithm  of  135*767, 
tohieh  is  2-1327940.  Multiply  the  remainder  hy  6-13,  and  to 
the  natural  wumber  amMoering  to  the  sum,  add  the  eonsta/nt 
fraction  -1.  The  sum  will  "be  the  elastic  force  in  inches  of 
mere/wry. 

Example. — ^If  the  temperature  of  saturated  steam  be  250*3^ 
Fahrenheit,  what  will  be  the  corresponding  elastic  force  in 
inches  of  mercury? 
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Here  SCO'S  X  Gl'S  —  SOl-6    Log.    2.4761313 

1SS-T6T  Log.  S'1321M0  aubtn 

remfdnder       0'340fi373 
mnltipljby  B-IS 

Natural  number  e0'013  Log.  1-1TB2498 

This  natural  number  iQcroBsed  bj  '1  gives  as  60*11 
of  mercury,  as  the  measure  of  the  elastic  force  aonght. 


BuLE. — From  the  given  elastic  force  iubiraet  the  eotutant  J^ae- 
timi  '1 ;  divide  the  logarithm  of  the  remainder  iy  6'13,  and 
to  the  quotient  add  the  logarithm  2-1327940.  Mnd  thi 
witural  number  ajisicerinff  to  the  eum  of  the  logaHthm*,  aad 
from  the  numher  thvefoutid  subtract  the  constant  61-3.  Tkt 
remainder  will  be  the  temperature  sought  in  degrees  f^ 
renheit. 

Example. — If  the  elastic  force  of  saturated  Btoam  balances  h 
Tcrtioal  colnmn  of  mercury  2S8'4  inches  high,  what  is  the  tem- 
perature of  that  steam? 

Het«  238-4  — D'l~S3S-3 

Log.  238-8— 2-3771340 -i-ri-J3  —  0'46337TO 

2'1327S40  add 


Bequired  temperature    34331  degrees  FiLhieoheiL 

The  temperatore  of  the  steam  which  will  balance  each  a 
colanin  of  meronry,  haa  been  ascertained  by  obaervatioa  to  be 
348-6  degreeB. 
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Experiments  liave  been  made  by  the  Frencb  Academy,  the 
IVaokHn  Institate  in  America,  and  yarioos  other  experimental- 
ists, to  determine  the  elastic  force  of  steam  at  different  tempera- 
tores;  but  of  all  these  experiments,  the  most  elaborate  and  the 
most  widely  accepted  are  those  of  M.  Begnanlt.  The  results 
obtained  by  the  French  Academy  are  g^ven  in  the  following 
table,  and  those  obtained  by  the  Franklin  Institate  are  very 
amilar: — 


PSESSTTBE  OF  STEAM  AT  DIFFEBENT  TEMPEBATTTBES. 

JUmdta  of  Mi^perimerUs  made  by  the  French  Academy, 
An  atmoqtliere  is  reckoned  as  being  eqnal  to  29*922  inches  <^  mercoiy. 


Ptessnrein 
Atmospheres. 

Temperature  in 

degrees  of 

Fahrenheit 

Eressnre  in 
Atmospheres. 

Temperature  in 
degrees  ot 
Fahrenheit. 

i 

212° 

13 

886-66° 

H 

234 

14 

386-94 

2 

260-6 

16 

392*86 

H 

268*8 

16 

398-48 

8 

2'75*2 

17 

403*83 

^ 

286 

18 

408*92 

4 

293-'? 

19 

418-78 

4i 

800-8 

20 

418-46 

6 

807-6 

21 

422*96 

6i 

814-24 

22 

427-98 

6 

820-86 

28 

481-42 

^ 

826-26 

24 

486-66 

1 

831-7 

26 

489-34 

H 

886*86 

80 

467-16 

8 

841-78 

86 

472-73 

1      » 

860-78 

40 

486-69 

10 

368-88 

46 

499-14 

11 

866-86 

60 

610-6 

12 

374 

FormnlflB  for  connecting  the  temperature  and  elastic  force  of 
steam  have  been  given  by  Young,  Tredgold,  Prony,  Biot,  Eoche, 
Magnus,  Holtzmann,  Bankine,  Eegnault,  and  many  others — all 
more  or  less  complicated.    Regnault  employs  different  formulsB 
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for  different  parts  of  the  thermometrio  scale,  as  appears  from 
the  following  reoapitnlation  in  which  all  the  degrees  are  degrees 
centigrade : — 

beqhatjlt's  fobmtjla  fob  thb  tempsbatubb  and  ELAsno  . 

FOBOE  OF  STEAM. 

Between  0°  and  100**  the  formula  is 

Log.  ¥=a+l>  0*1— «i3*j, 
which  resembles  the  formula  previously  given  by  M.  Biot.    In 
this  formula  t  is  counted  from  0°  centigrade.   a=4*7884380 ;  Log; 

0^=0-006866086;  Log. /J^  =1-9967249;  Log.  5=2-1840889,  and 
Log.  c=0-6116485. 

Between  100°  and  230°,  the  formula  he  used  is 

Log.  F=a — h  a'^—cP^y 
in  which  r=f +20,  t  being  the  centigrade  temperature  reckoned . 
fromO°.  Hence  «= 6-2640348;  Log.  a=l -994049292 ;  Log,! 
i3=l-998848862 ;  Log.  5=0-1397743,  and  Log.  c=0-6924351,  " ' 
The  principal  properties  of  saturated  steam  as  deduced  &m  \ 
the  experiments  of  M.  Eegnault,  exhibiting  the  pressure,  tha  \ 
relative  volume,  the  temperature,  the  total  heat,  and  the  weight 
of  a  cubic  foot  of  steam  of  different  densities,  are  given  by  Mr. ' 
Clark  in  the  following  tables  : — 
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FBOFBBIIBS  OF  BATUSATED  BTSAM. 


BT   X.  mBOXrAVLC 


r 

3^ 

• 

1  1 

1 

i 

9 

1 

1 

1 

! 

1 
i 

Weight  of  one  On 
Foot 

• 

Ha 

1 

1 

! 

1 

5 

h 

aT 

I'ahr. 

^oAr. 

Zbi. 

Lbs, 

FdkT, 

Fahr, 

u>%. 

15 

1669 

2131 

1178-9 

•0378 

48 

573 

278-4 

1198-8 

•1087 

le 

1572 

216*8 

1179-9 

-0897 

49 

562 

279-7 

1199-2 

•1108 

17 

1487 

219-5 

1180-9 

•0419 

50 

652 

281-0 

1199-6 

•1129 

18 

1410 

222-5 

1181-8 

•0442 

51 

542 

282-8 

1200-0 

•1160 

19 

1342 

225-4 

1182-7 

•0465 

52 

532 

288-5 

1200-4 

•1171 

SO 

1280 

228-0 

1183-5 

•0487 

53 

523 

284-7 

1200-8 

•1192 

SI 

1224 

230-6 

1184-8 

•0610 

54 

514 

285*9 

1201-1 

•1212 

IS 

1172 

233-1 

1185-0 

•0532 

55 

506 

287-1 

1201-5 

-1282 

88 

1126 

235-6 

1186-7 

•0564 

56 

498 

288-2 

1201-8 

•1252 

24 

1082 

237-9 

1186-5 

•0676 

57 

490 

289-3 

1202-2 

-1272 

26 

1042 

240-2 

1187-2 

•0598 

68 

482 

290-4 

1202-5 

-1292 

26 

1006 

242-3 

1187-9 

•0620 

69 

474 

391-6 

1202-9 

•1314 

27 

971 

244-4 

1188-5 

•0642 

60 

467 

292-7 

1203-2 

•1335 

28 

939 

246-4 

1189-1 

-0664 

61 

460 

293-8 

1203-6 

•1356 

29 

909 

248-4 

1189-7 

-0686 

62 

453 

294-8 

1203*9 

-1376 

80 

881 

260-4 

1190-3 

-0707 

63 

447 

295-9 

1204.2 

-1396 

81 

856 

262-2 

1190-8 

-0729 

64 

440 

296-9 

1204-5 

-1416 

82 

880 

264-1 

1191-4 

-0761 

66 

484 

298-0 

1204-8 

-1436 

88 

807 

265-9 

1192-0 

•0772 

66 

428 

299-0 

1206-1 

•1466 

84 

785 

257-6 

1192-5 

-0794 

67 

422 

300-0 

1206-4 

•1477 

Ids 

766 

259-3 

1193-0 

•0815 

68 

417 

300-9 

1206-7 

-1497 

86 

746 

260-9 

1193-5 

-0837 

69 

411 

301-9 

1206-0 

-1616 

37 

727 

262-6 

1194-0 

-0858 

70 

406 

302-9 

1206-3 

-1535 

38 

709 

264-2 

1194-5 

-0879 

71 

401 

303-9 

1206-6 

•1566 

89 

693 

265-8 

1195-0 

-0900 

72 

396 

304-8 

1206-9 

•1674 

'40 

677 

267-3 

1195-4 

-0921 

73 

391 

305-7 

1207-2 

•1696 

41 

661 

268-7 

1195-9 

-0942 

74 

886 

306*6 

1207-5 

-1616 

42 

647 

270-2 

1196-3 

-0963 

76 

381 

307-6 

1207-8 

•1686 

43 

634 

271-6 

1196-8 

-0983 

76 

377 

308-4 

1208-0 

•1666 

44 

621 

273-0 

1197-2 

-1004 

77 

372 

309-3 

1208-3 

•1676 

45 

608 

274-4 

1197-6 

•1025 

78 

868 

810-2 

1208-6 

-1696 

46 

596 

276-8 

1198-0 

•1046 

79 

364 

311-1 

1208-9 

•1716 

47 

684 

277-1 

1198-4 

•1067 

80 

369 

8120 

1209-1 

-1786 

1«0 
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.fl   OF  BATCBAT 

KD  aiBiii — amtinuei. 

! 

g 

1 

I 

i 

1 

1 

i 

It 

1 

i 

ll 

1 

ll 

11 

t 

R 

■a 

1 

1 

3^ 

I 

fri 

^ 

1 

t< 

M 

> 

^ 

? 

lAlL 

FaAr. 

JVrir. 

ZSj. 

Lb*. 

' 

JoAr. 

raliF 

Lba.      ' 

81 

3sa 

312'S 

1209-4 

-1766 

114 

261 

837-4 

1218-8 

-2388     1 

82 

301 

313.6 

iao9-7 

■1776 

116 

260 

338-0 

1217-0 

-3408 

8S 

348 

3146 

1200-9 

■1795 

116 

2B7 

338-B 

1217-a 

■2428     1 

8* 

344 

316-3 

1210-1 

■1814 

117 

266 

339^3 

1217-4 

-2448 

8S 

340 

316-1 

1210-4 

■1833 

118 

263 

338-0 

1317-e 

-2486 

80 

387 

316-0 

1210-7 

-1882 

119 

2B1 

340-6 

1217-8 

-2484 

87 

333 

317-8 

1210-B 

-1871 

120 

249 

341-1 

1218-0 

-250S 

88 

330 

818-e 

12111 

■1891 

121 

247 

341-E 

1218-2 

-3S31 

BO 

326 

819-4 

1211-4 

-1910 

122 

24B 

1218-4 

-264S 

90 

823 

a20-a 

1211-6 

-1029 

123 

243 

343-C 

1218-6 

-2se8 

01 

820 

8210 

12U-8 

-IflSO 

124 

241 

843-6 

1218-7 

-2E8T 

83 

317 

321.7 

1212-0 

-1970 

126 

239 

344-2 

I21B-9 

-2608 

S8 

313 

832-6 

1212-3 

■1990 

126 

238 

344-8 

1219-1 

-2628 

M 

310 

323-3 

1212-6 

■2010 

137 

236 

345-4 

1219-3 

-2(44 

SO 

307 

324-1 

1212-8 

■2030 

128 

234 

346-0 

1219-4 

-2663 

SS 

SOS 

324'8 

I213-0 

■2050 

120 

232 

346-6 

1219-6 

-2680 

87 

802 

3266 

1213-3 

■2070 

130 

347-2 

1219-8 

■2688 

»8 

296 

326-3 

1213-G 

-20S9 

132 

228 

348^3 

1220-2 

■27IB 

89 

327-1 

1218-7 

-8108 

226 

349-6 

1220-6 

-2771 

100 

2fl8 

327-8 

1213-8 

-2137 

136 

233 

1220-8 

■280? 

101 

200 

328-6 

I2U-2 

-2149 

138 

210 

361-8 

1231 -2 

■284* 

102 

288 

339-1 

1214-4 

-2167 

140 

216 

8B3^9 

1231^B 

■3B8S 

103 

286 

320-9 

1211-6 

-2184 

142 

213 

364^0 

1221^9 

■sesi 

104 

283 

330-8 

1214-8 

2201 

144 

210 

3BB-0 

1222-2 

■aonr 

106 

281 

331-8 

1216-0 

3218 

146 

208 

356-1 

1222-0 

-sour 

106 

378 

331 -B 

1216-2 

■22S0 

148 

206 

367-2 

1222-B 

-sosr 

107 

276 

832-6 

1216-4 

■2268 

160 

203 

368-3 

1223-2 

-sow 

108 

273 

333-3 

1216-6 

227S 

160 

101 

863-4 

1224-a 

■8288 

108 

271 

334-0 

1216-8 

2298 

170 

181 

36B^2 

122B-1 

-844S 

110 

260 

334-6 

1216-0 

■2317 

180 

173 

372-9 

1227-7 

-S6BS 

111 

287 

38fi'3 

1216-2 

2334 

190 

164 

377-8 

1230-1 

-ssoo 

na 

26S 

336-0 

1216-4 

2361 

300 

167 

381-7 

12S0-S 

-8970 

118 

S68 

SS6-7 

""■' 

■2370 

J 
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JL  It^naalt  extended  his  rese&rchea  to  the  preBsore  of  other 
iqwDTS,  be^e  that  of  wattx.  The  following  are  the  resolti 
La  obtained  with  alcohol,  ether,  snlphoret  of  carbon,  chloroform, 
md  esaenoe  of  tnrpentdoe : 


TBtPtBiTCTBl  IXTt  BLABTIO  FOBOX  0*  THX  TAIVDBS  OF  DOn 

XKT  LIQUIDS.     BT  U.  BKaKATJLT. 

[A  nmiiiiUn  1*  me  tluHiJUidtli  put  of  >  miln,  or  <H)e>n  of  u  Ineb.] 


T_bi»fll»T.. 

" ."'  .'^  ''^.'^Jf'o^i^illE" 

._.J 

(M^Atnhal. 

t«ior£ih.c. 

■^J-cSr™ 

''''sir " 

f 

if 

1 

jl 

1 

1 

li 

T 
1 

if 

i 

ii 

5» 

8 

± 

1 

P 

1 

P 

h 

JL 

1 

-n- 

K-i 

0- 

3-S4 

—1 

71-0 

30 

IBfrS 

s« 

-10 

8«l 

MI* 

80 

*i 

t 

la-Tg 

1 

!f*:s 

S«3 

«*-8 

WS-i 

40 

a 

SST-O 

1 

ai-i 

80 

uo^ 

e 

im* 

( 

fll-S 

siwo 

1 

asW'S 

00 

GSM 

100 

m 

SSM-O 

isiS't 

M 

umn 

49204 

ssai-a 

ISO 

se7-o 

IM 

MSM 

M 

70Te-a 

TO 

Ka-i 

180 

S4J-0 

m 

ssai-s 

lam-s 

Ma-8 

i» 

8wi-a 

* 

MO 

isn-a 

13 

liNO'a 

110 

S«20'4 

160 

BW-O 

m 

lao 

180 

IMtH) 

ua 

4mu 

MM 

isoto 

Unit  qfheat. — It  is  convenient  with  the  view  of  enabling  as 
'  to  compare  the  qtumtitiea  of  heat  in  difierent  bodies  to  fix  npon 
vme  thermal  unit,  by  which  quantities  of  heat  maj  be  measur- 
ed; and  the  thermal  miit  employed  in  this  conntiT'  is  the  qnan- 


162  THEORY  OF  THE  STEAM-EHaiinB. 

titj  of  heat  wMch  is  required  to  raise  a  pound  of  pore  water  at 
its  point  to  maximmn  density,  throngh  one  degree  Fahrenlieit 
In  France  the  thermal  nnit  employed  is  the  qoantity  of  heat  re- 
quired to  raise  a  kilogramme  of  pure  water  at  its  point  of  great- 
est density  throngh  one  degree  Centigrade.  A  kilogramme  is 
2*20462  lbs.  avoirdupois,  or  a  pound  aToirdupois  is  0*463698  of 
a  kilogramme.  A  degree  Centigrade  is  1*8  degrees  Fahrenheit; 
and  a  degree  Fahrenheit  is  0*656  of  a  degree  Centigrade.  Thero 
are  3*96882  British  thermal  units  in  a  Frenoh  thennal  mat, 
and  there  is  0*261996  of  &  Frenoh  thermal  unit  in  a  Bnticii. 
thermal  unit 


SPECIFIO  HEAT. 

The  specific  heat  of  a  substance  is  an  expression  for  the  quan- 
tity of  heat  in  any  given  weight  of  it  at  a  certain  temperataie^ 
just  as  its  specific  gromty  is  an  expression  for  the  quantity  of 
matter  in  a  given  bulk.    Specific  heat  is  most  convenientiy  ez-: 
pressed  by  a  reference  to  the  number  of  thermal  units  consumed   \ 
in  producing  a  given  elevation  of  temperature  in  the  body  under;  \ 
consideration ;  or,  if  the  weight  of  a  heated  body  immersed  is  | 
water  be  multiplied  by  the  temperature  it  loses,  and  the  weic^  j 
of  water  be  multiplied  by  the  temperature  it  gains,  the  quotieit(<  1 
obtained  by  dividing  the  latter  product  by  the  former,  will  betbttj 
specific  heat  of  the  body.    The  specific  heats  of  various  subs(ia>ri 
ces  have  been  experimentally  ascertained  and  recorded  in  taMM|| 
in  which  the  specific  heat  of  water  is  reckoned  as  unity.    Thn&j 
the  specific  heat  of  air  is  *23ir9,  or  it  is  4*207  times  less  than  tlu»| 
of  water.    An  amount  of  heat,  therefore,  which  would  raiae.i; 
pound  of  water  1  degree,  would  raise  a  pound  of  air  4*8W' 
degrees.  ' 

The  following  tables  of  specific  heats  are  derived  from  tlw| 
experiments  of  the  best  authorities,  and  chiefly  from  those  of 
M.  Begnault.    The  specific  heat  of  ice  is  given  on  the  authoittjf : 
of  M.  Person, 
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BPEOIFIO  HEATS  OF  80LID8. 

The  spee\fle  heat  of  water  being  recJsoned  as  umty. 


U  OF  STrBSTAKOB. 

Specific 
Heat 

KAin  or  srssTANOs. 

Specific 
Heat 

0-11379 
0-12988 
0-11650 
0-11760 
0-09616 
0-09891 
0-09666 
0-08140 
0-06628 
0-06701 

Gold 

Platinum 

Glass 

Sulphur 

saim 

Carbon 

Coke 

0-08244 
0-08248 
0-19768 
0-20269 
0-19182 
0-24111 
0-20200 
0-14687 
0-18870 
0-60400 

ron  (white) 

soft. 

tempered 

JT 

Diamond 

Phosphorus 

1 

Ice 

SPEOIFIO   HEATS  OF  OASES  AND  YAP0X7BS. 

The  specific  heat  of  water  being  reehmed  as  unity. 


MM  OF  GAB  OB  TAPOUB. 


31 

^ 

•gen 

ne 

□de  of  nitrogen 

ide  of  nitrogen , 

Die  oxide , 

Die  acid 

iret  of  carbon 

irous  acid 

»nia. , 

»irburet  of  hydrogen- 

rshgas) 

buret  of  hydrogen. . . . . 
'  vapour,  or  steam. . . . 

ol  vapour 

•  vapour 

>form  vapour. 

atine  vapour 


Specific  Heat 


For  equal 
Weignts. 


0-2182 
0-2440 
3-4046 
0-1214 
0-2238 
0-2316 
0-2479 
0-2164 
0-1676 
0-1663 
0-5080 

0-6929 
0-8694 
0-4750 
0-4513 
0-4810 
0-1568 
0-6061 


For  equal 
Yolnmes. 


0-2412 
0-2370 
0-2866 
0-2962 
0-3418 
0-2406 
0-2399 
0-3308 
0-4146 
0-8489 
0-2994 

0-3277 
0-8572 
0-2950 
0-7171 
1-2296 
0-8310 
2-3776 


Densitiea. 


1-1066 
0-9718 
0-0692 
2-4400 
1-6260 
1-0390 
0-9674 
1-6290 
2-6826 
2-2470 
0-5894 

0-6627 
0-9672 
0-6210 
1-6890 
2-6668 
6-8000 
4-6978 
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BPEOIFIO  HEATS  OF  LIQT7ID8. 

yA^  specific  heat  of  water  'being  rechmed  as  unity. 


N  AMB  or  LIQUID. 

Bpecifio 
Heat 

KAMIB  OF  IJQDIII. 

Bpedile 
Best 

Mercury 

Turpentine. 

Gin 

Olive  Oil 

0-0883 
0-4672 
0-4770 
0-3096 

Petroleum 

Solution  Ghlo.  Lime.  • 
Spiritof  Wineat97.. 
Ace1icAcid 

0-4684 
0-6448 
0-6588 
0-6501 

It  will  be  observed  from  the  foregoing  tables  that  the  speoifio 
heat  of  steam  is  nearly  the  same  as  the  specific  heat  of  ice.    Tbe 
specific  heat  of  water,  and  also  of  air,  occnpying  the  same  Yolama^ 
is  found  to  be  the  same  at  all  temperatures  between  boiling  and 
freezing,  and  the  specific  heat  of  air  under  a  constant  pressore 
may  be  taken  at  0*2879.    In  other  words,  it  requires  just  the 
same  amount  of  heat  to  ridse  water  and  air  one  degree  in  tem- 
perature at  any  one  part  of  the  thermometric  scale  as  at  any 
other ;  and  the  heat  required  to  heat  a  pound  of  dr  1  d^reeis 
only  '2379,  or  less  than  one-fourth  of  the  quantity  required  to 
heat  a  pound  of  water  one  degree.    K  therefore  a  pound  of  wa- 
ter at  60°  has  transferred  to  it  the  heat  in  a  pound  of  air  at 
1000°,  the  water  will  not  acquire  as  much  elevation  of  tempera- 
ture as  the  air  loses,  but  only  '2379  of  that  temperature. 


SATIO  OF  SPEOIFIO  HEATS   OF  GASES    UNDEB  CONSTANT  PEESSUBi 
TO  THE  SPEOIFIO  HEATS  XTNDEB  CONSTANT  YOLUHB. 

When  air  is  compressed  it  generates  heat,  as  is  shown  i& 
the  syringe  in  which  a  piece  of  tinder  is  lighted  by  the  heat  pro- 
duced by  the  sudden  compression  of  air;  and,  contrariwisfi^ 
when  air  or  any  other  gas  is  expanded  it  produces  cold.  WhfiBj 
therefore,  a  cubic  foot  of  air  of  the  atmospheric  pressure  is  help- 
ed until  its  pressure  is  doubled,  it  will  have  a  certain  tempera- 
ture which  will  fall  if  the  air  is  suffered  to  expand  into  a  voliiDft 
of  two  cubic  feet^  and  to  restore  the  previous  temperature  mcie 
heat  must  be  added.    It  will  take  more  heat,  therefore,  to  hedt 
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a  onbic  foot  of  air  to  a  given  temperatnre,  if  it  b«  suffered  to  ex- 
pand,  than  if  it  be  not  enffered  to  expand ;  and  onl7  that  part 
of  the  heat  is,  properlj  speaking,  ^ee\fie  heat,  wbicb  is  shown 
\tf  the  rise  of  temperature,  tliat  which  is  absorbed  in  enlarging 
the  vdome  being,  in  point  of  &ct,  latent  heat.  Both  kinds  of* 
heat,  howerer,  are  ver;  generally  called  specifio  heat,  bnt  as  the 
qnantitiee  are  very  different,  it  follows  that  there  are  two  kinds 
of  speoifio  heat — the  one  the  specific  heat  under  a  constant  toI- 
Dme^  and  the  other  the  specific  heat  under  the  increased  volnme 
to  which  the  body  naturally  enlarges.  It  is  only  in  the  case  of 
piea  that  there  is  a  material  difference  between  these  specific 
kottc  Bat  in  tbe  case  of  gases  the  difference  is  very  oonsider- 
■Ue^  and  it  is  finmd  that  Qic  specifid  beatnnder  a  constant  press- 
ure divided  by  the  spedfio  heat  nnder  a  constant  volnme,  ia 
■pal,  in  the  case  of  ur,  to  1*408 ;  or,  in  other  words,  tbe  e^eta.- 
Ig  he&t  of  Eur  mider  a  constant  pressore  is  1-408  times  greater 
ftu  Ibat  of  air  under  a  constant  volnme.  The  spedfic  heat  of 
ib  imder  a  constant  pressure,  may  be  taken  at  '3ST9,  which 
ttdUB  the  specific  heat  nnder  a  constant  rolome  *169.  The  fbl- 
Wing  tables  of  the  spedfio  heats,  and  some  other  properties  of 
•didi,  liquids,  and  gases  are  ^ven  by  Mr.  Banldne: — 


spKOino  HU.IB  A 


a  spxoiFio  onATniES  03  uetals. 
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.Kilff. 

Hgi.C 

-IT" 
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^p^. 
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■OIK 
■OOSBl 

■09(11 
■0298 

■029* 
■OWT 

ST-B 

S™'"'' 

■" 
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o-ga 
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E. 

o. 

K. 
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64'00 

II 

0-Tia 

18W8 
0-S48 
0-S4U 

0-918 

IHII9108 

O-MT 

ira-o 

^her     P™"P'^'-- 

HTC&o^en 

I»(lo  (act 
Oleamit  gi 
Nllrogen 


B 


In  these  tables  the  Tolames  are  taken  &t  the  temperatnra 
melting  ice,  or  33° ;  except  in  the  case  of  water,  vhicb  is  tal 
at  the  temperature  of  maximum  density,  or  89"1°.     The 
is  token  at  the  nsonl  atmospheric  pressure  of  3116'4  lbs.  Vf( 
the  square  foot. 

T),  IB  the  deneitj  or  weight  of  1  cubic  foot  of  tlie  substance 
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lbs.  avoirdnpois  under  the  pressure  of  one  atmosphere,  or  2116*4 
lbs.  on  the  square  foot. 

Yg  la  the  yolmne  in  onbic  feet  of  1  ponnd  avoirdapois  of  the 
sabstanoe  at  the  foregoing  temperature  and  pressure.    S.G.  is 
tilie  specific  gravity,  water  being  taken  as  nnitj.    E  is  the  ezpan- 
AoD.  of  unity  of  Tolume  for  fluids,  and  unity  of  length  for  solids, 
at  tlie  temperature  of  melting  ice,  in  being  raised  from  the  tem- 
perature of  melting  ice  to  the  temperature  of  boiling  water  un- 
dor  the  pressure  of  one  atmosphere.    0  is  the  specific  heat  in  de- 
grees Fahrenheit,  the  specific  heat  of  water  being  reckoned  as 
vm^,  and  Or  is  the  specific  heat  under  a  constant  volume^  while 
0^  18  the  specific  heat  under  a  constant  pressure.    K  is  the  speci- 
fic heat,  reckoned  not  in  degrees  of  temperature,  but  in  the  equiy- 
deat  value  of  pounds  raised  1  foot  high.     It  has  already  been 
e^lakied  that  there  is  as  much  power  in  the  form  of  heat  ex- 
(ouLed  in  raising  a  pound  of  water  1  degree  in  temperature  as 
vodd  raise  772  lbs.  to  the  height  of  1  foot ;  and  772  foot-pounds 
i^  eODsequently,  the  mechanical  equivalent  of  a  pound  of  water 
nfaed  1  degree.    13'ow  as  the  specific  heats  of  all  bodies  are  de- 
tflnomable  by  the  temperature  to  which  a  pound  of  the  sub- 
teoe  will  raise  a  pound  of  water,  and  as  the  accession  of  heat 
widoh  a  pound  of  water  receives  is  transformable  into  its  equiv- 
•lent  amoimt  of  mechanical  power,  it  follows  that  the  specific 
kats  of  all  bodies  may  be  represented  by  the  amount  of  me- 
fihaoical  power  in  foot-pounds,  which  is  the  equivalent  of  the 
hst  consumed  in  raising  a  pound  of  any  of  these  bodies  through 
<Hie  degree  of  temperature.    Such  specific  heats,  accordingly,  are 
those  represented  in  the  tables  by  the  letter  K ;  the  expression 
Ev  bdng  the  specific  heat  in  foot-pounds  of  unity  of  weight  under 
a  constant  volume,  and  Kp  the  specific  heat  of  the  same  weight 
onder  a  constant  pressure.    The  value  of  Kp  -^  Ky,  Mr.  Eankine 
itates,  is  in  the  case  of  air,  1*408 ;  oxygen,  1*4;  hydrogen,  1*413 ; 
nitrogen,  1*409;  and  steam,  considered  as  a  perfect  gas,  1*304; 
or,  in  other  words,  the  specific  heat  under  a  constant  volume  is 
to  the  specific  heat  under  a  constant  pressure  as  1  to  1*4  in 
the  case  of  oxygen,  differing  slightly  in  the  case  of  the  other 
gases. 
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PHENOMENA  OP  EBULLITION. 

Influence  of  Viscosity  or  Moleeular  Attrition. — Salts  dis- 
Bolyed  in  water  will  raise  the  temperature  of  its  boiling-point. 
The  attraction  of  a  salt  for  water  being  greater  than  the  attrac- 
tion of  the  particles  of  the  water  for  one  another,  will  resist  the 
repellent  force  of  the  heat  to  some  extent.    Mechanical  preasme 
applied  to  the  water  has  the  same  operation.    Hence,  water 
boils  in  a  yacnmn  at  a  lower  temperatore  than  nnder  the 
pressure  of  the  atmosphere,  and  it  also  boils  at  a  lower  temh 
perature  nnder  the  pressure  of  one  atmosphere  than  nnder  a 
pressure  of  several  atmospheres.    Water,  which  has  been  weD 
purged  of  air  by  boiling,  does  not  pass  into  the  state  of  steam 
when  heated  in  clean  glass  vessels,  until  it  has  attained  a  tem- 
perature considerably  higher  than  its  ordinary  boiling  point; 
and  when  the  steam  finally  forms,  it  forms  rather  by  a  jumping 
motion,  or  by  a  sudden  shock,  than  by  a  gradual  and  silent  dis* 
engagement.    M.  Magnus  found  that  water  well  cleared  of  air 
may  be  raised  to  a  temperature  of  105°  or  106°  Oentigra^ 
before  boiling,  if  the  glass  vessel  in  which  it  was  heated  were 
perfectly  clean ;   but  if  the  vessel  were  soiled,  or  if  dust  or 
other  foreign  particles  were  suffered  to  enter  it,  the  temperatore 
would  fall  to  the  usual  boiling  point  of  100°  Centigrade.    The 
sides  of  metallic  vessels,  or  sawdust,  metal  filings,  or  insohiUe 
particles  of  almost  any  kind,  introduced  into  a  liquid,  lower  ill 
boiling-point.    These  particles  are  not  at  every  point  complete^ 
moistened  by  the  water,  and  they  have  a  less  attraction  for  tiie 
particles  of  the  fluid  than  the  particles  of  the  fluid  have  for  one 
another.     In  the  process  of  ebullition,  therefore,  the  steam 
chiefly  forms  around  those  particles  and  seems  to  come  out  of 
them,  and  the  boiling-point  is  lowered  by  the  greater  fiidlitif 
they  occasion  to  the  disengagement  of  the  steam.    M.  DoBSSf^ 
by  fi*eeing  water  carefully  from  air,  succeeded  in  raising  it  to  » 
temperature  of  185°  without  boiling ;  but  at  this  temperatme 
steam  was  suddenly  formed,  and  a  portion  of  the  water  if* 
projected  forcibly  fi'om  the  tube.    M.  Donny  concludes,  fifon 
his  experiments,  that  the  mutual  force  of  cohesion  of  the  parfr 


SFHEBOIDAI.  CONDinOK  OF  LIQUIDS.  169 

des  of  water  is  equal  to  a  pressure  of  abont  three  atmospheres, 

and  to  this  strong  cohesive  force  he  attributes  the  irregnlar 

jumping  motion  observed  in  ebullition,  and  also  some  of  those 

explooons  of  steam-boilers  which  heretofore  have  perplexed  en- 

Cpneers.    It  is  well  known  that  cases  have  occnrred  in  which  an 

open  pan  of  boiling  water  has  exploded,  producing  fatal  results, 

nd  such  explosions  cannot  be  explained  on  the  usual  hypothesis. 

IL  Donny  says  that  liquids  by  boiling  lose  the  greater  part  of  the 

air  which  they  hdd  in  solution,  and  therefore  the  molecular  at- 

tuotion  begins  to  manifest  itself  in  a  sensible  manner.    The 

liqxiid  consequently  attains  a  temperature  considerably  above 

ite  normal  boiling-point,  which  determines  the  appearance  of 

new  aff-bubbles,  when  the  liqnid  separates  abruptly,  a  quantity 

of  vapour  forms,  and  the  equilibrium  is  for  the  moment  restored. 

The  phenomenon  then  recurs  again  with  increased  violence,  and 

m  explosion  may  eventually  ensue. 

Spheroidal  Condition  of  Liquids  on  Sot  Swrfaees, — If  a  drop 
of  water  or  other  liquid  be  thrown  upon  a  hot  metal  plate  or 
olher  highly  heated  surface,  it  does  not  moisten  the  surface  or 
diflhse  itself  over  it,  but  forms  a  flattened  ellipsoidal  mass ;  and 
if  the  drop  be  sufficiently  small,  it  forms  a  minute  spheroid, 
vbich  revolves  rapidly  round  a  shifting  axis,  and  evaporates 
voy  slowly  without  entering  the  state  of  ebullition.  From 
Obnrdh's  experiments  it  appears  that  it  is  necessary  for  the 
Bqoid  to  emit  vapour  before  it  can  assume  the  spheroidal  state. 
Hdten  lead  dropped  upon  a  very  hot  platinum  plate  did  not  as- 
Qme  the  spheroidal  state,  whereas  mercury  dropped  upon  this 
^ate  assumed  the  spheroidal  state  at  once.  The  most  remark- 
1U0  experiments,  however,  which  have  been  made  in  illustration 
^  the  phenomena  of  the  spheroidal  state  are  those  of  M.  Hou- 
rly, and  to  him  engineers  are  mainly  indebted  for  calling  their 
ittention  to  the  subject.  One  of  the  most  singular  results  ob- 
tamed  by  M.  Boutigny  is  the  power  of  making  ice  in  a  red  hot 
cradble.  A  small  crucible  or  capsule  of  platinum  being  made 
white  hot,  some  anhydrous  sulphurous  acid  in  the  liquid  state  is 
|M)ured  into  it.  The  boiling-point  of  this  liquid  is  as  low  as  14° 
Fahrenheit ;  but  as  it  immediately  on  being  projected  into  the 
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capsule  assmnes  the  spheroidal  state,  it  remains  iqK>n  the  white 
hot  metal  without  touching  it ;  and  if  a  few  drops  of  watw  be 
now  let  fall  upon  the  liquid  acid,  the  water  will  be  immediatelj 
frozen,  and  a  piece  of  ice  may  be  turned  out  of  the  cradble. 
M.  Boutign J  has  also  shown  that  if  acids  and  alkalies  in  solution 
be  poured  into  a  clean  red  hot  platinum  crucible  they  will  not 
unite,  but  both  will  assume  the  spheroidal  state  and  roU  about 
the  bottom  of  the  crucible  without  entering  into  combinatioo. 
Not  merely  the  gravitation  of  the  liquid,  therefore,  but  also  iti 
chemical  afi&nity,  appears  to  be  superseded  by  the  causes  whioh 
make  it  assume  the  spheroidal  state. 

When  a  liquid  assumes  the  spheroidal  state  it  does  not  wet 
the  surface,  but  appears  to  avoid  touching  it,  like  water  sprinkled 
upon  grease.    Instead  of  entering  into  violent  ebullition  yrhm 
it  reaches  the  hot  surface,  its  temperature  will  rise  very  littlfl^ 
and  the  drops  of  liquid  will  either  remain  at  rest  or  will  acquire 
a  gyratory  motion.    When  the  surface  is  cooled  down  to  400* 
to  500°,  depending  on  the  nature  of  the  surface  and  also  on  iha 
nature  of  the  liquid,  the  liquid  will  begin  to  diffuse  itself  and 
will  be  suddenly  scattered  in  all  directions.    The  requisite  toor 
perature  of  a  platinum  plate  to  make  water  at  the  boiling-pcHiit 
assume  the  spheroidal  state  is  120°  Centigrade,  or  248°  Fahren- 
heit ;  but  if  glass  be  used  instead  of  platinum,  the  temperatare 
must  be  raised  to  180°  Centigrade,  or  324°  Fahrenheit.    For 
water  at  0°  Centigrade,  the  temperatures  required  are  400°  and 
800°  respectively. 

When  water  assumes  the  spheroidal  state,  it  is  possible  by 
placing  the  eye  on  the  level  of  the  hot  surface  to  see  between 
the  surface  and  the  liquid.  The  electric  circuit,  moreover,  is  in- 
terrupted, showing  that  there  is  no  actual  contact  between  the 
liquid  and  the  plate.  The  repulsion  existing  between  the  liquid 
and  the  plate  is  usually  imputed  to  the  existence  of  an  atmos- 
phere of  vapour  upon  which,  as  upon  a  cushion,  the  spheroids 
are  supposed  to  rest.  There  is  no  reason  to  conclude,  however, 
because  vapour  is  raised  from  a  liquid,  that  therefore  its  gravity 
must  be  suspended,  and  the  cause  is  rather  to  be  sought  for  in 
the  motion  of  the  spheroid,  or  of  its  internal  particles,  whereby 
the  motion  to  which  gravity  is  due  is  partially  counteracted. 
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Spheroidal  State  of  the  Water  in  Boilers, — ^There  can  be 
BO  dotibt  that  the  water  of  boilers  is  sometimes  repelled  from 
tiie  metal  in  the  same  mamier  as  would  be  done  if  it  were  in 
tike  spheroidal  state,  and  explosions  have,  no  doubt,  frequently 
bad  their  ori^  in  this  phenomenon.    Land  boilers,  whether  of!» 
tile  cylindrical  or  waggon  form,  frequently  bend  down  in  the 
bottom  where  the  strongest  heat  of  the  fdmace  impinges,  and 
kad  riyets,  inserted  in  them  for  purposes  of  safety,  are  some- 
times melted  out.    The  water  appears  to  be  repelled  from  the 
iron  in  those  parts  of  the  boiler  bottom  where  the  heat  is  great- 
est, and  the  iron  becomes  red  hot,  and  is  bagged  or  bent  out  by 
tin  pressure  of  the  steam.    In  some  boilers  the  bottom  can  at 
anytime  be  made  red  hot  by  very  heavy  firing,  and  in  most  fac- 
toiy  boilers  the  bottom  wiU  be  more  or  less  injured  if  the  stoker 
mgos  Hie  fire  very  much.    If  gauge  cocks  be  inserted  at  differ- 
6Dt  levels,  in  a  small  upright  cylindrical  boiler,  so  that  one  cook 
la  near  the  top,  another  near  the  bottom,  and  the  rest  in  inter- 
mediate positions,  it  will  follow,  that  if  sufficient  water  be  intro- 
dnoed  into  the  boiler  to  show  at  the  lowest  gauge  cock,  it  will 
continue  to  show  there  so  long  as  a  moderate  heat  is  maintained. 
So  Boon,  however,  as  the  fire  is  made  to  bum  fiercely,  so  as  to 
Bnpart  a  strong  heat  to  the  bottom,  the  water  will  disappear 
frwn  the  bottom  cock  and  show  in  the  top  cock,  thus  proving 
ftat  the  water  has  been  repelled  by  the  heat  until  it  occupies 
^  top  part  of  the  boiler  instead  of  the  bottom  part. 

COMMUNICATION  OF  HEAT. 

Heat  may  be  communicated  from  a  hot  body  to  a  cold  one  in 
flttee  ways — ^by  Radiation,  by  Conduction,  and  by  Circulation. 

The  rapidity  with  which  heat  radiates  vaides,  other  things 
being  equal,  as  the  square  of  the  temperature  of  the  hot  body  in 
excess  of  the  temperature  of  the  cold  one ;  so  that  a  body  if  made 
twice  as  hot  will  lose  a  degree  of  temperature  in  one-fourth  of 
the  time ;  if  made  three  times  as  hot,  it  will  lose  a  degree  of 
temperature  in  one-ninth  of  the  time ;  and  so  on,  in  all  other 
proportions.    This  explains  how  it  comes  that  a  very  small  pro- 
portion of  surface  in  a  boiler  of  which  the  furnace  is  maintained 
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at  a  high  temperature  is  eqnivalent  to  a  mnoh  larger  prop<»rtiQ 
of  surface  when  the  temperature  is  somewhat  lower.  Badiai 
heat  may  be  concentrated  into  a  focus  by  a  reflector,  in  t2i 
same  manner  as  light,  and,  like  light,  it  may  likewise  be  mad 
to  xmdergo  refraction  and  polarisation. 

The  conduction  of  heat  through  different  substances  varif 
very  nearly  in  the  same  proportion  as  their  conducting  powa 
for  electricity.  Taking  the  conducting  power  of  silver  as  10( 
the  following  are  the  conducting  powers  of  metals  according  t 
the  best  authorities : — 

OONDrOTING  POWBBS  OP  METALS. 


Name  of  Body. 


Silver 

Copper 

Gold 

Brass 

Tin 

Iron 

Steel  

Lead 

Platinum  .... 
German  Silver 
Bismuth 


Gondnotivity  for  Electricity. 


Oondnotivily 
flor  Heat 


Biesa. 


100-0 
66-V 
69-0 
18-4 
10-0 
12-0 

*  •  •  • 

10-6 
6-9 


BecquereL 

Lenz. 

andFruL 

100-0 

1000 

100-0 

91-6 

IS'B 

'?8-6 

64-9 

68-6 

68*2 

. .  •  ■ 

21-5 

28-« 

14-0 

22-6 

14-6 

12-35 

13-0 

11-9 

•  •  •   • 

. .  •  • 

11-6 

8-2V 

10-7 

8-6 

7-93 

10-8 

8-4 

•  •  •  • 

. .  •  • 

6-8 

•  •  •  ■ 

1-9 

1-8 

The  conducting  power  of  marble  is  about  the  same  as  the 
conducting  power  of  bismuth ;  and  the  conducting  powers  of 
porcelain  and  bricks  are  each  about  half  that  of  marble.  Th® 
conducting  power  of  water  is  very  low,  and  hence  heat  is  trtDfr* 
mitted  downwards  through  water  only  very  slowly.  But  ^ 
wa/rds  it  is  transmitted  rapidly  by  virtue  of  the  circulation  wluck 
then  takes  place. 

The  efficiency  of  the  heating  surface  of  a  boiler  will  depend 
very  much  upon  the  efficiency  of  the  arrangements  which  are 
in  force  for  maintaining  or  promoting  a  rapid  circulation  of  tta 
water.  In  like  manner,  the  rapidity  of  the  circulation  whieh  k 
maintained  in  the  water  used  for  refrigeration  in  suriiEUje  co& 
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densers  will  maiolj  determine  the  weight  of  steam  condensed 
in  the  hour  hj  each  square  foot  of  refrigerating  surface.    Pedet 
foand  by  a  number  of  experiments  that  water,  when  used  as  the 
reMgerating  fluid,  was  about  ten  tunes  more  effectaal  than  air ; 
and  he  further  found  that  when  water  was  used  for  refrigera- 
to,  each  square  foot  of  copper  surface  was  able  to  condense 
about  21)^  lbs.  of  steam  in  the  hour.    Mr.  Joule,  howeVer,  found 
that  a  square  foot  of  copper  surface  might,  by  maintaining  a 
rapid  circulation  of  the  cooling  water,  be  made  to  condense  100 
lbs.  of  steam  in  the  hour — ^the  cooling  water  being  contained  in 
a  pipe  concentric  with  that  containing  the  steam,  and,  flowing 
m  the  opposite  direction.    With  this  rapidity  of  refrigeration, 
the  cooling  surface  of  a  condenser  need  only  be  about  one  siz- 
teenth  of  the  heating  surface  of  the  boiler  which  supplies  the 
engine  with  steam.    In  ordinary  land  boilers  10  square  feet  of 
heating  surface  will  boil  off  a  cubic  foot,  or  62^  lbs.  of  water  in 
the  hour ;  and  one  square  foot  of  heating  surface  will  therefore 
Ixnl  off  one-tenth  of  this,  or  6/25  lbs.  of  water  in  the  hour.    To 
Ixnl  off  100  lbs.  in  the  hour  would  at  this  rate  require  16  square 
teet  of  heating  surface.    But  the  100  lbs.  of  steam  thus  boiled  off 
win,  according  to  Mr.  Joule,  be  condensed  by  one  square  foot  of 
cooling  surface ;  so  that,  if  this  authority  be  accepted,  the  surface 
of  a  well-constructed  condenser  need  only  be  about  one-sixteenth 
of  the  heating  surface  of  the  boiler,  the  steam  of  which  it  condenses. 
The  importance  of  maintaining  a  rapid  circulation  in  the 
water  of  boilers  has  not  yet  been  sufficiently  recognised.    It  is 
desirable  that  solid  water  and  not  steam  should  be  in  contact 
with  the  heating  surface,  else  the  metal  plating  will  be  liable  to 
become  overheated,  and  any  ^yen  area  of  heating  surface  will 
be  much  less  effective.    The  species  of  boiler  invented  by  Mr. 
David  Napier,  called  the  haystack  boiler,  and  in  which  the 
water  is  contained  in  vertical  tubes,  is  about  the  best  species  of 
boiler  for  keeping  up  a  rapid  circulation  of  the  water.    But  it 
neoessary  to  apply  large  return  pipes  or  a  wide  water  space  all 
round  the  exterior  of  the  boiler,  with  a  diaphragm  to  permit 
Asoen^g  and  descending  currents,  in  order  that  the  water  car- 
ried upward  by  the  steam  may  be  immediately  returned. 
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COMBUSTION. 

Combustion  is  energetic  chemical  combination  between  the 
oxygen  of  the  air  and  the  constituents  of  the  combustible.  The 
combustibles  chiefly  nsed  to  generate  the  heat  consmned  by 
steam-engines  are  coal,  wood,  and  sometimes  charcoaL 

Goal  consists  chiefly  of  carbon  and  hydrogen,  but  the  pro- 
portions in  which  these  elements  enter  into  the  composition  of. 
different  coals  is  yery  various.    Oannel  coal  consists  of  about  60 
per  cent,  of  volatile  matter,  and  40  per  cent  of  coke  and  earthy 
matter,  whereas  splint  coal  consists  of  about  65  per  cent,  of 
coke,  and  35  per  cent  of  volatile  matter.    Air  consists  of  oxy- 
gen and  nitrogen,  mixed  in  the  proportions  of  8  lbs.  of  oxygen 
to  every  28  lbs.  of  nitrogen,  or  1  lb.  of  oxygen  to  every  3^  Iba 
of  nitrogen.    To  accomplish  the  combustion  of  6  lbs.  of  carbon, 
16  lbs.  of  oxygen  are  necessary,  forming  22  lbs.  of  carbonio 
acid,  which  will  have  the  same  volume  as  the  oxygen,  and, 
therefore,  a  greater  density.    To  accomplish  the  combustion  of 
1  lb.  of  hydrogen,  8  lbs.  of  oxygen  are  necessary.    When,  there- 
fore, we  know  the  proportions  of  carbon  and  hydrogen  existing 
in  coal,  it  is  easy  to  tell  the  quantity  of  oxygen,  and,  oonEfd- 
quentiy,  the  quantity  of  air  necessary  for  its  combustion.    As  a 
general  rule,  it  may  be  stated  that,  for  every  pound  of  oo>l 
burned  in  a  fiimace,  about  12  lbs.  of  air  will  be  necessary  to 
furnish  the  oxygen  required,  even  if  every  particle  of  it  entered 
into  combination.    But  from  careful  experiments  it  has  been 
found,  that  in  ordinary  furnaces,  where  the  di'aught  is  produced 
by  a  chimney,  about  as  much  more  air  will  in  practice  be  neces- 
sary, or  about  24  lbs.  per  lb.  of  coal  burned.    In  the  case  rf 
furnaces,  with  a  more  rapid  draught  maintained  either  hj^ 
steam  jet  or  a  fan  blast,  a  smaller  excess  of  air  will  suffice,  and 
in  those  cases  about  18  lbs.  of  air  will  be  required  from  tbe 
combustion  of  1  lb.  of  coal.    If  a  cubic  foot  of  air  weigh  l'29l 
oz.,  then  12  lbs.  or  192  oz.  will  measure  about  150  cubic  feet,  aB 
1*291  oz.  bears  the  same  proportion  to  1  cubic  foot,  as  192  o& 
bears  to  150  cubic  feet  nearly.    In  ordinary  furnaces^  with  $ 
chimney  therefor,  which  require  24  lbs.  of  air  per  lb.  of  ooal, 
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tlie  Yolnme  of  air  necessary  for  the  combastion  of  1  lb.  of  coal 
win  be  abont  800  onbic  feet,  which  is  eqnal  to  the  content  of  a 
room  measuring  abont  6  feet  8^  inches  every  way. 

The  q>eoifio  gravity  of  oxygen  is  a  little  more  than  that  of 
air,  being  by  the  latest  experiments  1*106,  while  that  of  air  is  1. 
Kow,  as  16  lbs.  of  oxygen  nnite  with  6  lbs.  of  carbon  to  form 
SSlIbs.  of  carbonic  acid,  and,  as  the  volume  of  the  carbonic  acid 
it  the  same  temperature  remains  only  the  same  as  that  of  the 
original  oxygen,  it  follows  that  the  density  or  specific  gravity  of 
flid  carbonic  acid  must  be  greater  than  that  of  the  oxygen,  in 
liie  some  proportion  in  which  22  is  greater  than  16.  Multiply- 
ing therefore  1*106,  which  is  the  specific  gravity  of  oxygen,  by 
SS,  and  dividing  by  16,  we  get  1*521,  which  mnst  be  the  specific 
gravity  of  carbonic  acid,  if  the  specific  gravity  of  oxygen  is 
W06.  Formerly,  the  specific  gravity  of  oxygen  was  reckoned 
it  1*111,  bnt  there  is  reason  to  believe  that  1*106  is  the  more 
•eoarate  determination. 

Total  Meat  of  Combtution, — The  temperature  to  which  a 
pound  of  fael  wotdd  rtdse  a  pound  of  water,  or  the  total  heat 
tf  eombustion  in  thermal  units,  has  been  carefolly  investigated 
I7  MM.  Favre  and  Bilbermann,  whose  determinations  are  reca- 
lUated  and  condensed  by  M.  BanMne  as  foUows : — 

TOTAL  HEAT  OF  OOMBUSTION  OF  1  lb.   OF  EACH  OF  THE 
OOMBTJSTIBLES  ENUMEBATED. 


Comlniftlblfl, 
1  Ihi  of  eacli  being  Donied. 


^Jrogengas 

Ouixin,  imperfectly  bamed, ) 
10  as  to  make  carbonic  V 
oxide ) 

Ottbon,  completely  burned,  j 
fio  as  to  moke  carbonic  >■ 
add S 

defiant  gas 

Various  liquid  hydrocarbons . . 

OuiMmic  oxide,  as  mncb  as  I 
is  made  by  the  Imperfect  I 
ccnnbiistion  of  1  lb.  of  car-  ( 
bon,  yix,  2|lbs J 


LbB.or 

Air 
required. 

Lbs.  of 

Air 

required. 

8 

86 

li 

6 

2} 

12 

8f 

15} 

•  • 

m  •    , 

n 

6 

Total  Heat 

in  Thermal 

Units. 


62,082 
MOO 

14,600 

21,844 
j  from  21,000 
\      to  19,000 

10,100 


Eraporattw 

Power 
from  S1S«. 


64*2 
4-65 

160 

22*1 
j  from  22 
\      to20 

10^ 
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With  regard  to  the  quantities  stated  as  being  the  total  heat 
of  combustion  respectively  of  carbon  completely  bnmed,  carbon 
imperfectly  burned,  and  carbonic  oxide,  Mr.  Bankine  says  that 
the  following  explanation  has  to  be  made : — 

The  burning  of  carbon  is  always  complete  at  first ;  that  is  to 
say,  one  pound  of  carbon  combines  with  2f  lbs.  of  oxygen,  and 
*  makes  3t  lbs.  of  carbonic  acid ;  and  although  the  carbon  is  solid 
immediately  before  the  combustion,  it  passes  during  the  com- 
bustion into  the  gaseous  state,  and  the  carbonic  acid  is  gaseous. 
This  terminates  the  process  when  the  layer  of  carbon  is  not  so 
thick,  and  the  supply  of  air  not  so  small,  but  that  oxygen  in 
sufficient  quantity  can  get  direct  access  to  all  the  solid  carbon. 
The  quantity  of  heat  produced  is  14,500  thermal  units  per  lb. 
of  carbon,  as  already  stated. 

But  in  other  cases  part  of  the  solid  carbon  is  not  supplkd 
directiy  with  oxygen,  but  is  first  heated,  and  then  dissolved  into 
the  gaseous  state,  by  the  hot  carbonic  acid  gas  from  the  other 
parts  of  the  fomace.  The  8{-  lbs.  of  carbonic  add  gas  firom  1 
lb.  of  carbon,  are  capable  of  dissolving  an  additional  lb.  of  car- 
bon, making  4f  lbs.  of  carbonic  oxide  gas ;  and  the  volume  of 
this  gas  is  double  of  that  of  the  carbonic  acid  gas  which  pro- 
duces it.  In  this  case,  the  heat  produced,  instead  of  being  that 
due  to  the  complete  combustion  of 

1  lb.  of  carbon  or     .  .  .  .  .  .        14,W)0 

falls  to  the  amount  due  to  the  imperfect  combustion  of  2  lbs. 

of  carbon,  or  ....        2x4,400  x  M^O 

Sho^nng  a  loss  of  heat  to  the  amount  of       .  .  .         6,700 

which  disappears  in  volatilising  the  second  pound  of  carlK''^ 
Should  the  process  stop  here,  as  it  does  in  furnaces  ill  suppU^ 
with  air,  the  waste  of  fuel  is  very  great,  as  the  carbonic  oxid© — 
which  is  a  species  of  invisible  smoke — ^has  a  large  quantity  ^' 
carbon  in  it  which  is  dissipated  in  the  atmosphere  without  U^ 
ful  result.  But  when  the  4f  lbs.  of  carbonic  oxide  gas,  oontB^' 
ing  2  lbs.  of  carbon,  is  mixed  with  a  sufficient  supply  of  trc^ 
air,  it  bums  with  a  blue  flame,  combining  with  an  additional  ^ 
lbs.  of  oxygen,  making  Ti  lbs.  of  carbonic  acid  gas,  and  givi^^ 
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■dditional  heat  of  double  the  amoimt  dae  to  the  oombiutiou  of 

H  lb.  of  oarbonio  oxide ;  th&t  is  to  saj, 

10,100x3  =  10,200 

tovUdi  bctng  «dd«d  the  heet  [KOdoced  b;  the  Imperfect 

eomboatioD  of  2  Iba.  of  oaibon,  oi  .  .  ,        8,800 

SibbIb  obtained  the  heet  doe  to  the  complete  combneUonof 

a  Ibe.  of  carbon,  of     .  .  .  2  x  14,000  =  29,000 

The  evaporative  powers  of  different  kinds  of  ooal  in  praotioe 

bglrea  in  the  following  table ; — 
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i  ^  CoranAtldii 
9  Stam... 

I   Willwnd  IlJgln 

'   Fordpl  Splint 

(inugomoatli 

hBroomWII 

(iLjdiiBrtrarBMof  Di 

SlleTudagh  (Irish  A: 
thrtellB) 

W;lam'>  FstoDt  Fae 
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Maximum  Temperature  of  the  Fumace^-^'WhffD.  we  know 
the  total  heat  of  a  combustible  in  thermal  units,  the  weight  of 
the  smoke  and  ashes  or  the  products  of  combustion,  as  thej  are 
called,  and  their  specific  heat,  it  is  easy  to  tell  what  is  the  high- 
est temperature  that  the  furnace  can  attain,  supposing  that  the 
air  is  u ot  artificially  heated.    Thus  the  chief  products  of  oombmh 
tion  of  coal  being  carbonic  acid,  steam,  nitrogen,  and  ashes,  with 
a  certain  proportion  of  residual  air,  which  passes  unchanged 
through  the  fire ;  then,  if  we  reckon  the  specific  heat  of  carbonic 
acid  at  0*217,  of  steam  at  0*4:76,  of  nitrogen  at  0*246,  of  air  at 
0*288,  and  of  ashes  at  0*200,  and  take  into  account  the  quantities 
of  each  which  are  present,  the  mean  specific  heat  of  the  prod- 
ucts of  combustion  may  be  taken,  without  much  error,  as  about 
equal  to  the  specific  heat  of  air.    ITow,  as  12  lbs.  of  air  are  re- 
quired for  the  combustion  of  a  pound  of  carbon,  even  if  every 
particle  of  the  oxygen  be  supposed  to  enter  into  combination, 
the  weight  of  the  products  of  combustion  will  on  that  supposi- 
tion be  12  lbs.  -f- 1  lb.,  or  18  lbs.    If  we  take  the  total  heat  oi 
combustion  of  carbon  or  charcoal  at  14,500,  and  the  mean  speci- 
fic heat  of  the  products  of  combustion  at  0*238,  then  the  specific 
heat  multiplied  by  the  weight  wiU  be  3*094 ;  and  14,500  divided 
by  3*094  =  4689,  which  will  be  the  temperature  to  which  the 
furnace  would  be  raised  in  degrees  Fahrenheit,  supposiog  every 
atom  of  oxygen  that  entered  the  famace  entered  into  com- 
bination.   If,  however,  as  will  be  the  case  in  ordinary  furnaces, 
twice  that  quantity  of  air  necessarily  enters,  then  the  weight  of 
the  products  of  combustion  of  1  lb.  of  coal  will  be  25  lb.,  which, 
multiplied  by  the  specific  heat  =  5*95,  and  14,500  divided  by 
6*95  =2,437,  which  is  the  temperature  in  degrees  Fahrenheit 
that,  on  this  supposition,  the  furnace  would  have.    If  18  lbs.  of 
air  be  supplied  per  lb.  of  coal,  as  suffices  in  the  case  of  furnaces 
with  artificial  draught,  then  the  weight  of  the  products  of  com- 
bustion will  be  19  lbs.,  which,  multiplied  by  the  specific  heat> 
gives  4*522,  and  14,500  divided  by  4*522,  gives  3,207  as  the  tem- 
perature of  the  famace  in  degrees  Fahr.    This  in  point  of  fi^» 
may  be  taken  as  a  near  approach  to  the  temperature  of  hot  f^' 
naces,  such  as  that  of  a  locomotive  boiler. 
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The  increased  yolnme  which  any  given  quantity  of  air  at  82" 
in  aoqnire,  by  raising  its  temperature  through  any  given  nnm- 
or  of  degrees,  oan  easily  be  determined  by  the  mle  already 
hren  for  l^t  purpose.  Mr.  Bankine  has  computed  the  volume 
Q  oubio  feet,  which  12  lbs.  of  air,  18  lbs.,  and  24  lbs.,  will  respeo- 
ively  aoqnire,  when  heated  to  different  temperatures,  by  com- 
noing  with  1  lb.  of  carbon  in  a  furnace ;  the  volume  of  12  lbs.  at 
12°,  and  at  the  atmospheric  pressure,  being  taken  at  160  cubic 
Sset,  of  18  lbs.  at  226  cubic  feet,  and  of  24  lbs.  at  800  cubic  feet 
rbe  results  are  as  follows : 

TKUFERATUSBS  OF  OOMBUBmOlSr  Aim  VOLUMES  OF   FRODITOTS. 


TnnperatnreB. 

Supply  of  Air  in  ponndB  per  lb.  of  ftiel. 

13  lbs.                    18  Ibar                    24  Iba. 

Yolnme  of  Air  or  Gases  in  oabic  feet  at  each 

Temperatnre. 

82° 

160 

226 

800 

68° 

161 

241 

822 

104° 

172 

268 

844 

212° 

205 

807 

409 

892° 

269 

389 

619 

672° 

314 

471 

628 

752° 

869 

563 

788 

1112° 

479 

718 

967 

1472° 

688 

882 

1176 

1882° 

697 

1046 

1895 

2600° 

906 

1869 

1812 

8276° 

1136 

1704 

4640° 

1661 

Sate  of  Conibitstion. — The  rate  of  combustion,  or  the  quan- 
^ty  of  fuel  burned  in  the  hour  upon  each  square  foot  of  fire- 
>^ate,  varies  very  much  in  different  classes  of  boilers.  In  Cor- 
nish boilers  it  is  S^-lbs.  per  square  foot;  in  the  older  class  of 
and  boilers,  10  lbs. ;  in  more  recent  land  boilers,  13  to  14  lbs. ; 
^  modem  marine  boilers,  16  to  24  lbs.,  and  in  locomotive  boilers* 
^0  to  120  lbs.  on  each  square  foot  of  fire-grate  in  the  hour. 
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THEBMaDTNAMICS. 

It  has  been  already  stated  that  heat  and  power  are  mntoallj' 
convertible,  and  that  the  power  in  the  shape  of  heat  which  is 
necessary  to  raise  a  ponnd  of  water  throngh  one  degree  Fahren- 
heit, wotdd,  if  utilised  without  waste  in  a  thermo-dynamic  en- 
gine, raise  772  lbs.  through  the  height  of  1  foot.  A  pound  of 
water  raised  through  a  degree  centigrade  is  equivalent  to  1890  lbs. 
raised  through  the  height  of  1  foot.  In  every  heat  engine,  tha 
greater  the  extremes  of  temperature,  or  the  hotter  the  boiler  or 
source  of  heat  and  the  colder  the  condenser  or  reMgerator,  the 
larger  will  be  the  proportion  of  the  heat  utilised  as  power. 

In  a  perfect  steam  engine,  if  a  be  the  temperatnre  of  the 
boiler,  reckoning  from  the  point  of  absolute  zero,  and  h  be  the 
temperature  of  the  condenser,  reckoning  also  from  the  point  of 
absolute  zero,  the  fraction  of  the  entire  heat  communicated  to 
the  boiler  which  will  be  converted  into  mechanical  effect,  will 

be .  Kow  it  is  clear  if  a  =  5,  or  if  the  temperature  of  the 

a  fi J 

boiler  and  condenser  are  the  same,  the  value  of becomes 

a 
equal  to  0,  or  there  is  none  of  the  heat  utilised  as  power,  whereas, 

on  the  other  hand,  if  a  be  taken  larger  and  larger,  the  value  of 
the  fraction  becomes  continually  greater,  indicating  that  by  in- 
creasing the  difference  of  the  temperatures  of  the  boiler  and 
condenser,  a  great  quantity  of  the  heat  expended  is  converted 
into  mechanical  effect,  and  by  taking  a=  oo,  or  infinity,  the  Kmit 
to  which  the  fraction  approaches  is  found  to  be  unity,  showing 
that  in  such  a  case,  if  it  were  possible  of  realisation,  the  whole 
of  the  heat  would  be  converted  into  power. 

The  formula  given  by  Professor  Thomson  for  detennining 
the  power  generated  by  a  perfect  thermo-dynamic  engine,  is  as 
follows : — 

If  S  be  the  temperature  of  the  source  of  heat,  and  T  be  the 
temperature  of  the  refrigerator,  both  expressed  in  centigrade 
degrees ;  and  if  H  denote  the  total  heat  in  thermal  units  centi- 
grade, entering  the  engine  in  a  given  time ;  and  J  be  Joule's 
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^Tuyalent  of  1890  lbs.  raised  one  foot  high  by  a  centigrade  de- 
pree; — ^then  the  power  prodnced,  or  W  the  work  performed,  is 

8— T 

8+274 

This  formula  may  be  expressed  in  words,  as  follows : — 

TO  FIND  THE  POWEB  GENEBATSD  BY  A  PEBFEOT  ENGINE  IMPELLED 
BY  THE  HOTITE  POWEB  OF  HEAT. 

Bulb. — From  the  temperature  of  the  source  or  doiler,  subtract 
the  temperature  of  the  condenser;  divide  the  remainder  "by 
the  stim  of  the  temperatv/re  of  the  source  and  274,  amd  multi- 
fly  the  quotient  by  the  total  heat  communicated  to  the  en- 
gine per  minutCj  expressed  in  the  number  of  degrees  through 
fohich  it  would  raise  one  pound  of  water.  Finally^  multiply 
this  product  by  1890.  The  result  is  the  number  of  pounds 
that  the  engine  will  raise  a  foot  high  in  the  minute.  The 
temperatures  a/re  all  taJcen  in  degrees  centigrade. 

Example. — ^In  a  steam-engine  working  with  a  pressure  of  14 
atmospheres,  the  temperature  of  the  steam  in  the  boiler  will  be 
215*  centigrade,  and  the  temperature  of  the  condenser  may  be 
taken  at  44*44°  centigrade.  If  a  grain  of  coal  be  burned  per 
inmute,  the  heat  imparted  every  minute  to  a  pound  of  water 
^  be  -905°  centigrade.  Now  216  —  44-44°  =  170-66  and 
216  +  274  =  489,  and  170-56  divided  by  489  =  0-35,  which  mul- 
tipKed  by  -905  and  by  1390  =  440  lbs.  raised  1  foot  high  every 
ftiinute,  which  as  a  grain  of  coal  is  burned  every  minute,  is  very 
tiearly  the  same  result  as  that  before  indicated. 

Cheapest  Source  of  Motive  Power, — ^The  cheapest  source  of  a 
ttiechanical  power  that  will  be  available  in  all  situations,  is,  so 
^  as  we  yet  know,  the  combustion  of  coal.  Electricity  and 
galvanism  have  been  proposed  as  motive  powers,  and  may  be 
ised  as  such,  but  they  are  much  more  expensive  than  coal.  Mr. 
Toule  has  ascertained  by  his  experiments  that  a  grain  of  zinc, 
H)iisumed  in  a  galvanic  battery,  will  generate  suflBcient  power  to 
'aise  a  weight  of  145*6  lbs.  through  the  height  of  one  foot ; 
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whereas  a  grain  of  oool,  consumed  by  oombnstion,  will  generate 
snffioient  power  to  raise  1261*45  lbs.  to  the  height  o£  Ifoot. 

Moreover,  it  appears  cert^  that  Mr.  Joule's  estimate  of  the 
heating  power  of  coal  is  too  smalL    A  x>ound  of  coal  will,  nnder 
favourable  circumstances,  evaporate  12  lbs.  of  water,  which  is 
equivalent  to  a  pound  of  water  being  heated  2  degrees  Fahren- 
heit by  a  grain  of  coal,  or  it  is  equivalent  to  1544  lbs.  raised 
through  1  foot.    This  is  more  than  ten  times  the  power  gener* 
ated  by  a  pound  of  zinc.    But  as  thermo-electric  engines,  it  is 
estimated,  expend  their  energy  about  four  times  more  bene- 
ficially than  heat  engines,  the  dynamic  efficacy  of  a  pound  of 
zinc  may  be  taken  as  about  4-lOths  of  that  of  a  pound  of  codL    A 
ton  of  zinc,  however,  costs  fifty  or  sixty  times  as  much  as  a  ton 
of  coals,  while  it  is  not  half  so  effective.    There  does  not  ttp- 
pear,  therefore,  to  be  the  least  chance  of  heat  en^es  being 
superseded  by  electro-dynamic  engines,  of  which  zinc  or  some 
other  metal  supplies  the  motive  force. 

EXPANSION   OF   STEAM. 

When  air  is  compressed  into  a  smaller  volume,  a  certain 
amount  of  power  is  expended  in  accomplishing  the  compression, 
which  power,  as  in  the  case  of  a  bent  spring,  is  given  back  again 
when  the  pressure  is  withdrawn.  I^  however,  the  air  when 
compressed  is  suddenly  dismissed  into  the  atmosphere,  the  power 
expended  in  compression  will  be  lost;  and  there  is  a  loss  of 
power,  therefore,  in  dispensing  with  that  power,  which  is  re- 
coverable by  the  expansion  of  the  air  to  its  original  volume. 
Kow  the  steam  of  an  engine  is  in  the  condition  of  air  already 
compressed;  and  unless  the  steam  be  worked  in  the  cylinder 
expansively — which  is  done  by  stopping  the  supply  from  the 
boiler  before  the  stroke  is  closed — ^there  will  be  a  loss  of  a  cer- 
tain proportion  of  the  power  which  the  steam  would  otherwise 
produce.  If  the  flow  of  steam  to  an  en^e  be  stopped  when  the 
piston  has  performed  one-half  of  the  stroke,  leaving  the  rest  of 
the  stroke  to  be  completed  by  the  expanding  steam,  then  the 
efficacy  of  the  steam  will  be  increased  1*7  times  beyond  what  it 
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would  have  been  had  the  steam  at  half-stroke  been  dismissed 
without  extracting  more  power  from  it;  if  the  steam  be  stopped 
at  one-thizd  of  the  stroke,  the  efficacy  will  be  increased  2*1 
times;  at  one-fonrtib,  2*4  times;  at  one-iifth,  2*6  times;  at  one- 
sixth,  2*8  times;  at  one-seventh,  8  times;  and  at  one-eighth,  8*2 
limes. 

TO  TIHB  THE  INCSEASB    OF    BFFIOIENOY  ABISINa  FROM  W0BE3NO 

8TBAM  EXPANSIYSLY. 

BuLE. — Divide  the  total  length  of  the  stroJce  "by  the  distance 
{^hich  call  1)  through  which  ths  piston  moves  he/ore  the  steam 
is  cut  off.  The  JSTeperian  loga/rithm  of  the  whole  stroTce  ex- 
pressed, in  terms  of  the  part  of  the  stroJce  perform^  with  the 
fuU  pressure  of  steam^  represents  the  increase  of  efficiency 
due  to  expansion. 

Example  1, — Suppose  that  the  steam  be  cnt  of^  at  ^ths  of 
the  stroke :  what  is  the  increase  of  efficiency  dne  to  expansion  ? 

Here  it  is  plain  that  y^ths  of  the  whole  stroke  is  the  same  as 
T-i  of  the  whole  stroke.  The  hyperbolic  logarithm  of  T*6  is 
2'OIB,  which  increased  by  1,  the  value  of  the  portion  performed 
with  ftill  pressure,  gives  8*015  as  the  relative  efficacy  of  the 
steam  when  expanded  to  this  extent,  instead  of  1,  which  would 
have  been  the  efficacy  if  there  had  been  no  expansion. 

If  the  steam  be  cut  of  at  |,  f ,  |,  |,  f ,  ^,  or  |th  of  the  stroke, 
the  respective  ratios  of  expansion  will  be  8,  4,  2*66,  2,  1*6,  1*83, 
•nd  1*14^  of  which  the  respective  hyperbolic  logarithms  are 
2*079,  1*886,  0-978,  0*693,  0*470,  0*285,  and  0-131 ;  and  if  the 

rteam  be  cut  off  at  -jV,  ttt,  t\,  t\i  to  to  ttt,  i%i  or  -j-^^ths  of  the 

stroke,  the  respective  ratios  of  expansion  will  be  10,  6,  3-33,  2*5, 

1*66,  1*42,  1*25,  and  1*11,  of  which  numbers  the  respective 

hyperbolic  logarithms  are  2-803, 1*609,  1-203, 0-916, 0*507,  0*351, 

0*228,  and  0*104.    "With  these  data  it  will  be  easy  to  compute 

the  mean  pressure  of  steam  of  any  given  initial  pressure  when 

cat  off  at  any  eighth  part  or  any  tenth  part  of  the  stroke,  as  we 

have  only  to  divide  the  initial  pressure  of  the  steam  in  lbs.  per 

square  inch  by  the  ratio  of  expansion,  and  to  multiply  the  quo- 
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tient  by  the  hyperbolic  logarithm,  increased  by  1,  of  the  number 
representing  the  ratio,  which  gives  the  mean  pressure  thron^^ 
ont  the  stroke  in  lbs.  per  square  inch.  Thus,  if  steam  of  100  lbs. 
be  cat  off  at  half  stroke,  the  ratio  of  expansion  is  2,  and  100 
divided  by  2  and  multiplied  by  1*698  =  84*65,  which  is  the  mean 
pressure  throughout  the  stroke  in  lbs.  per  square  inch.  The 
terminal  pressure  is  found  by  dividing  the  initial  pressure  by  the 
ratio  of  expansion;  thus,  the  terminal  pressure  of  steam  of 
100  lbs.  cut  off  at  half  stroke  will  be  100  divided  by  2  =  60  lbs. 
per  squai'e  inch. 

Example  2. — What  is  the  mean  pressure  throughout  the 
stroke  of  steam  of  200  lbs.  per  square  inch  cut  off  at  -^th  of  the 
stroke  ? 

Here  200  divided  by  10  =  20,  which,  multiplied  by  8*808  (the 
hyperbolic  logarithm  of  10  increased  by  1)  gives  66*04,  which  is 
the  mean  pressure  exerted  on  the  piston  throughout  the  stroks 
in  lbs.  per  square  inch. 

If  the  steam  were  cut  off  at  |th  of  the  stroke  instead  of '^fh, 
then  we  should  have  200  divided  by  8  =  26,  which,  multiplied 
by  3*079  (the  hyperbolic  logarithm  of  8  increased  by  1),  gives 
76*975  lbs.,  which  would  be  the  mean  pressure  on  the  piston, 
throughout  the  stroke  in  such  a  case. 

If  the  initial  pressure  of  the  steam  were  8  lbs.  per  square 
inch,  and  the  expansion  took  place  throughout  fths  of  the  stroke^ 
or  the  steam  were  cut  off  at  Jth,  then  8  -s-  8  =  '875,  "which 
X  by  3*079  =  1*154625  lbs.  per  square  inch  of  mean  pressure. 

There  are  various  expedients  for  stopping  off  the  supply  of 
steam  to  the  engine  at  any  desired  point  of  the  stroke,  whioh 
are  described  in  my  '  Catechism  of  the  Steam  Engine,'  and 
which,  consequently,  it  would  be  superfluous  to  recapitolate 
here.  One  mode  is  by  the  use  of  an  expansion  valve,  and 
another  mode  is  by  extending  the  length  of  the  face  of  the  or- 
dinary slide  valve  by  which  the  steam  is  let  into  and  out  of  the 
cylinder,  which  extension  of  the  face  is  called  lap  or  eowr* 
For  the  purposes  of  this  work  it  will  be  sufficient  to  recapitu- 
late the  mean  pressure  of  the  steam  on  the  piston  of  an  engine 
throughout  tiie  whole  stroke,  supposing  the  steam  to  be  out  off 
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it  different  sacoesaye  points  of  the  stroke,  connting  first  by 
aghths,  and  next  by  tenths,  and  to  explain  what  amount  of  lap 
mswers  to  a  given  expansion,  and  what  expansion  follows  the 
188  of  a  given  proportion  of  lap.  The  mean  pressure  of  the 
iteam  thronghont  the  stroke,  with  different  initial  pressures  of 
steam  and  different  rates  of  expansion,  or,  in  other  words,  the 
Bquivalent  constant  pressure  that  would  be  exerted  throughout 
the  stroke  if  such  a  pressure  were  substituted  for  the  varying 
pressures  to  which  the  piston  is  in  reality  subjected,  are  exhib- 
ited in  the  following  tables,  in  one  of  whi^ch  the  pressures  are 
those  which  would  ensue  if  the  expansion  took  place  during  so 
Bumy  eighths  of  the  stroke,  and  in  the  other  during  so  many 
teaths  of  the  stroke : — 


lOAir  FEBSSX7BB  OF  STEAM  AT  DIFFEBENT  DENSITIES  AND  BATES 

OF  EXPANSION. 

Tke  eoUimn  headed  0,  contains  the  Initial  I^essure  in  lbs,f  and  the 
remaining  eohtmns  contain  the  Mean  Freeswre  in  lbs,,  with  deferent 
amounts  of  Eo^ansion, 


Praportfon  of  the  Stroke  flmragh  which  Ezponaloii  takes  plaoe. 

0 

k 

1 

1 

i 

f 

f 

i 

8 

2-96 

2-89 

2-76 

2-68 

2-22 

1-789 

1-164 

4 

8-96 

8-86 

8-67 

8-88 

2-96 

2-886 

1-689 

5 

4-948 

4-818 

4-698 

4-282 

8-708 

2-982 

1-924 

6 

5-987 

5-782 

6-612 

6-079 

4-450 

8-679 

2-809 

T 

6-927 

6-746 

6-481 

6-926 

5-241 

4175 

2-694 

8 

7-917 

7-710 

7-860 

6-772 

5-984 

4-772 

8-079 

9 

8*906 

8-673 

8-268 

7-618 

6-676 

5-868 

8-468 

10 

9-896 

9-687 

9-187 

8-466 

7-417 

6-966 

8-848 

11 

10-886 

10-601 

10-106 

9-811 

8-169 

6-661 

4-283 

12 

11-876 

11-666 

10-926 

10-168 

8-901 

7-168 

4-618 

18 

12-866 

12-528 

11-948 

11-004 

9-642 

7-754 

6-008 

14 

18-864 

18-492 

12-862 

11-861 

10-884 

8-681 

5-888 

15 

14-844 

14-466 

18-781 

12-697 

11-126 

8-947 

5-773 

16 

15-884 

15-420 

14-700 

13-644 

11-868 

9-644 

6-168 

17 

16-828 

16-888 

16-618 

14-890 

12-609 

10-140 

6-542 

18 

17-818 

17-847 

16-687 

16-287 

18-861 

10-787 

6-927 

19 

18-702 

18-811 

17-448 

16-808 

14098 

11-883 

7-312 

20 

19-792 

19-275 

18-876 

17-970 

14-886 

11-980 

7-697 

25 

24-740 

24093 

22-968 

21-162 

18-648 

14-912 

9-621 

80 

29-688 

28-912 

27-562 

26-896 

22-252 

17-895 

11-646 

85 

84-686 

88-781 

88166 

29-627 

25-961 

20-877 

18-470 

40 

89-686 

88-660 

86-750 

88-860 

29-670 

28-860 

15-895 

45 

44-688 

48-868 

41-848 

88-092 

88-878 

26-842 

17-819 

50 

49-481 

48-187 

46-987 

42-826 

87067 

29-825 

19-248 

186 
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MBAl^  PBESSITBE  OF  STEAM  AT  DIFFEBEKT  DENSITIES  AXTD  BATES 

OF  EXPANSION. 

The  eohmm,  headed  0  contains  the  Initial  I^essure  in  lbs,,  and  thg 
remainmg  columns  contain  the  Mean  lYessttre  in  ibs,,  toitk  d^ermi 
amounts  0/  ^ag^fonsion. 


Proportioii  of  ihe  Stroke  throngli  which  Ezpaodon 

takei  place. 

0 

A 

T% 

A 

^ 

A 

A 

A 

A 

A 

8 

2-980 

2-930 

2-830 

2-710 

2-539 

2-299 

1-981 

1-668 

0^00 

4 

8-974 

8-913 

8-780 

8-614 

8-886 

8-066 

2-642 

2-08T 

1-820 

5 

4-968 

4-892 

4-725 

4-518 

4-232 

8-882 

8*808 

2-609 

1-661 

6 

6-961 

6-870 

5-670 

6-421 

6-079 

4*698 

8-968 

8-180 

1-961 

7 

6-955 

6-848 

6-615 

6-825 

6-926 

6-864 

4-624 

8*660 

2«1 

8 

7-948 

7-827 

7-560 

7-228 

6-772 

6-181 

6-284 

4*174 

6*611 

9 

8-942 

8-805 

8-505 

8-182 

7-618 

6-897 

6-946 

4-696 

8^71 

10 

9-986 

9-784 

9-450 

9-086 

8-465 

7-664 

6-606 

6-218 

8-902 

11 

10-929 

10-762 

10-895 

-9-989 

9-811 

8-480 

7-266 

6-789 

8^682 

12 

11-928 

11-740 

11-340 

10-843 

10-168 

9-196 

7-927 

6-261 

8-962 

18 

12-866 

12-719 

12-285 

11-746 

10-994 

9-968 

8-687 

6-788 

4-202 

14 

18-910 

18-067 

18-280 

12-650 

11-861 

10-729 

9-248 

7-806 

4-628 

15 

14-904 

14-676 

14-175 

13-654 

12-697 

11-496 

9-909 

7-827 

4-968 

16 

15-897 

15-654 

15-120 

14-467 

18-544 

12-262 

10-669 

8-848 

6*288 

17 

16*891 

16-682 

16-065 

15-861 

14-061 

18-028 

11-280 

8-870 

5*618 

18 

17-884 

17-611 

17-010 

16-264 

15-287 

18-796 

11-890 

9-892 

6-944 

19 

18-878 

18-589 

17-955 

17-168 

16-083 

14-561 

12*661 

9-914 

6-«78 

20 

19-872 

19-568 

18-900 

18-072 

16-980 

15-828 

18-212 

10*496 

6-600 

25 

24-840 

24-460 

28-625 

22-590 

21-162 

19-100 

16-516 

13-040 

8-266 

80 

29-808 

29-852 

28-850 

27-108 

26-895 

22-992 

19-818 

15-664 

9-906 

85 

84-776 

84-244 

88-075 

81-626 

29-627 

26-824 

28-121 

18-268 

11-667 

40 

89-744 

89-186 

87-800 

86-144 

88-860 

80-656 

26-224 

20-872 

18-208 

45 
50 

44-91^ 

44-028 

42-625 

40-662 

88-092 

34-888 

29-727 

28-481 

14-869 

49-680 

48-920 

47-250    45-180 

42-826 

88-820 

88080 

26-090 

16-610 

Example, — ^If  steam  be  admitted  to  the  cylinder  at  a  pressure 
of  3  lbs.  per  square  inch,  and  be  suffered  to  expand  during  Jth  of 
the  stroke,  the  mean  pressure  during  the  whole  stroke  will  be 
2*96  lbs.  per  square  inch.  In  like  manner,  if  steam  at  the  press- 
ure of  3  lbs.  per  square  inch  were  cut  off  after  the  piston  had 
gone  through  the  ^th  of  the  stroke,  leaving  the  steam  to  expand 
through  the  remaining  {ths,  the  mean  pressure  during  the  whole 
stroke  would  be  1*154:  lbs.  per  square  inch. 


BELATIONS  BETWEEN  THE   LAP  OF  THE  VALYE  AND  THE  AMOUNT 

OF  EXPANSION. 

The  rules  for  determining  the  relations  between  the  lap  of 
the  valve  and  the  amount  of  the  expansion  are  as  follows : — 
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70  vnrD  HOW  mroH  lap  must  be  giyek  on  the  steam  side, 

nr  OKDEB    TO    OUT  'THE    STEAM   OFF  AT  AISTI  GIVEN   PAST  OF 
THE  6TB0XE. 

Rule. — From  the  length  of  the  stroke  of  the  piston  subtract  the 
length  of  that  part  of  the  stroJce  that  is  to  he  made  Itfore 
the  steam  is  cut  off.  Divide  the  remainder  "by  the  length  of 
the  stroJce  of  the  piston^  and  extract  the  sqito/re  root  of  the 
quotient.  Multiply  the  squa/re  root  thus  found  hy  half  the 
length  of  the  stroJse  of  the  valve^  and  from  the  product  take 
"Mf  the  lead,  and  the  remainder  will  be  the  a/mowit  of  lap 
required. 

TO  mm  AT  WHAT  PAST  OF  THE  STBOEE  ANY  GIVEN  AMOUNT  OF 
LAP  ON  THE  STEAM  SIDE  WILL  OUT  OFF  THE  STEAM. 

Boic— ^^  the  lap  on  the  steam  side  to  the  lead :  divide  the 
turn  by  half  the  length  qf  stroke  of  the  vahe.  In  a  table 
(if  natural  sines  find  the  a/rc  whose  sine  is  equal  to  the  quo-, 
tient  thus  obtained.  To  this  a/rc  add  90°,  and  from  the  sum 
if  these  two  arcs  subtra>ct  the  arc  whose  cosine  is  equal  to  the 
lap  on  the  steam  side  divided  by  half  the  stroke  of  i^  valve. 
Find  the  cosine  of  the  remaining  arc,  add  1  to  it,  and  mul- 
tiply the  sum  by  half  the  stroke  of  the  piston,  and  the  prod- 
uct is  the  length  of  that  part  of  the  stroke  that  will  be  made 
ly  the  piston  before  the  steam  is  cut  off. 

10  FIND  HOW  MUOH  BEFOBE  THE  END  OF  THE  STBOEE  THE  EX- 
HAUSTION OF  THE  STEAM  IN  PBONT  OF  THE  PISTON  WILL  BE 
OUT  OFF, 

EuLE. — To  the  lap  on  the  steam  side  add  the  lead,  and  divide 
the  sum  by  half  the  length  of  the  stroke  of  the  valve.  Find 
the  a/rc  whose  sine  is  equal  to  the  quotient,  and  add  90°  to  it. 
Divide  the  lap  on  the  exhausting  side  by  half  the  stroke  of 
the  valve,  and  find  the  arc  whose  cosine  is  equal  to  the  quo- 
tient. Subtract  this  arc  from  the  one  last  obtained,  and 
find  the  cosine  of  the  remainder.    Subtract  this  cosine  from 
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9,  amd  multiply  the  Temaiader  iy  half  the  ttroJce  of  tkspit-  i 

ton.     The  proditet  i»  the  dUtanae  of  the  pkton  from  the  vnd  I 

^  the  ttroie  when  the  exhauition  is  eut  off,  i 


TO  nSTJ  BOW  FAB  THB  PIBTON  IS  FBOM  THE  BS1>  OF  ITS  BTBOm, 
LOWBD  TO  B3CAPE  TO  TIIK  COSDENBEE. 

Rule, — To  the  lap  on  the  »team  eide  add  the  lead;  dieide  Gia. 
Slim,  by  half  the  stroke  of  the  vahe,  and  find  the  an  wAoM 
tme  ia  equal  to  the  quotient.  Find  the  are  ioAom  mhiw  U 
eqval  to  the  lap  on  the  exhaimting  tide,  divided  ty  half  tht 
»troJce  qf  the  vmhe.  Add  these  two  arc*  together,  and  Ml}- 
traot  90°.  Mnd  the  cosine  qf  the  residue,  subtract  itfFfm  % 
and  miiltiply  the  remainder  by  half  the  atrole  qf  the  piitmt. 
7^  product  is  the  distance  of  the  piston  fi-om  the  endqf  itt 
strolce,  vjhen  the  eteam  that  it  propelling  it  ia  allowed  to  es- 
cape to  the  condenser. 

KoTB. — In  luing  tlieie  rtiUs  all  the  dimensions  are  to  be  taken 
in  inches,  and  the  answers  will  be  found  in  inches  alto. 

It  win  readily  be  peroeiTed  from  a  consideiation  of  Qielo 
roles  that — BUppoaitig  there  ia  uo  lead — the  point  of  the  stroke 
at  which  the  Bteam  is  cot  off  is  determined  hj  the  proporttoa 
which  the  lap  on  the  steam  side  bears  to  the  stroke  of  the  Talve. 
Whatever  the  absolute  dimensiona  of  the  lap  may  be,  therefiff^ 
it  will  follow  that,  in  every  case  in  which  it  bears  the  some  ratio 
to  the  stroke  of  the  valve,  the  steam  will  bo  cat  off  at  the  same. 
point  of  the  stroke. 

As  some  of  the  foregoing  roles  are  difGcnlt  to  be  worked  out 
by  persona  nnacqiidnted  with  trigonoTiictry,  it  will  be  conven- 
ient to  collect  the  principal  resnlts  into  tables,  which  auij  bs 
applied  without  difficulty  to  the  solution  of  any  partdcnlor  ex- 
ample. This  accordingly  has  been  done  in  the  three  followioK 
tables,  the  mode  of  n^g  which  it  will  now  be  proper  to  ei- 
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Dtatance  of  the  piston 

cot  oR  In  parti  of 
tha   liDglh  of  lu 
ttroifl 

A 

A 

* 

{i, 

i 

i 

A 

dzniil  p«7t5  of  tUe  1 

■289 

■«o 

■MO 

■ass 

■iM 

■m 

« 

„ 

&ample. — lo.  the  first  line  of  tbe  flrat  table  will  be  fbnnd 
tight  differeat  parts  of  the  sizoke  of  the  piston  designated ;  and 
iwotly  belov  each,  in  the  second  line,  is  given  the  qnantity  of 
1^  reqoiate  to  oanae  the  ateam  to  be  out  off  at  that  particular 
part  of  the  etroke.  The  different  amomits  of  the  lap  are  given 
bi  the  second  tine  in  decimal  parts  of  the  length  of  the  stroke 
of  the  valve ;  so  tha^  to  get  the  qnontitf  of  lap  oorrespondiDg 
Id  mj  of  the  given  degrees  of  ezpansion,  it  is  onlj  necessary  to 
tike  the  decimal  in  the  second  line,  wLioh  stands  onder  the  frao- 
tioD  b  the  first,  that  marka  that  degree  of  expansion,  and  mnl- 
liplj  that  dedmal  by  the  length  we  intend  to  make  the  stroke 
(rf  the  valve.  Thos  suppose  we  have  an  enpne  in  which  we 
*iA  to  have  the  steam  cnt  off  when  the  piston  is  a  qnarter  of 
the  length  of  its  stroke  from  the  end  of  it,  we  look  in  the  first 
Km  of  the  table,  and  we  shall  find  in  the  third  oolnnm  from  the 
Isft,  i.  Directlj  under  that,  in  the  second  line,  we  have  the 
detimal,  -260.  Snppose  that  we  consider  that  16  inches  will  be 
Convenient  lengtli  for  the  stroke  of  the  valve,  we  mnltiplj  the 
decimsl  -2fi0  by  18,  which  g^ves  4^.  Hence  we  learn,  that  with 
in  18-inch  stroke  for  the  valve,  4}  inches  of  lap  on  the  steam 

«ide  win  canse  the  steam  to  be  cnt  off  when  the  piston  has  still 

a  qoarter  of  its  stroke  to  perform. 

Half  the  stroke  of  the  valve  should  always  be  at  lea*t  equal 

to  the  tap  on  the  steam  side  added  to  the  breadth  *  of  the  port ; 

conseqnend;,  as  Hie  lap  in  this  case  mnst  be  4)-  inches,  and  as 
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balf  the  stroke  of  the  valve  is  9  inohefi,  the  effioient  breadth  of 
the  port  cannot  be  more  than  9  —  4)^  =  4i  inches,  since  half  of  it 
is  covered  over  by  the  lap.  If  this  breadth  of  port  is  not  suffi- 
cient to  give  the  required  area  to  let  the  steam  in  and  ont^  we 
most  increase  the  stroke  of  the  valve ;  hy  which  means  we  shall 
get  both  the  lap  and  the  breadth  of  the  port  proportionallj  in- 
creased. Thns,  if  we  make  the  length  of  valve-stroke  20  inohefl^ 
we  shall  have  for  the  lap  *250  x  20=5  inches,  and  for  the  breadti^ 
of  the  port  10 — 5  =  5  inches. 

This  table,  as  we  have  already  intimated,  is  computed  on  the 
supposition  that  the  valve  is  to  have  no  lead ;  but,  if  it  is  to 
have  lead,  all  that  is  necessary  is  to  subtract  h£df  the  proposed 
lead  from  the  lap  found  from  the  table,  and  the  remainder  wiH 
be  the  proper  quantity  of  lap  to  give  to  the  valve.  Suppose 
that,  in  the  last  example,  the  valve  was  to  have  i  inch  of  lead, 
wo  should  subtract  i  inch  from  the  5  inches,  found  for  the  lap 
by  the  table.  This  would  leave  4$  inches  for  the  quantity  of 
l&p  that  the  valve  ought  to  have. 

n. — ^LAP  IN  INCHES  BEQUIBED  ON  THE  STEAM  SIDE  OF  THE  VALVE  TO  CDT 
THE  STEAM  OFF  AT  ANY  OF  THE  UNDER-NOTED  PARTS  OF  THE  BTBOEK. 


Length 

of  stroke 

of  the 

Proportion  of  the  stroke  at  which  the  steam  is  cat  ofll 

valve  In 
inches. 

i 

A- 

i 

A 

i 

i 

A 

A 

24 

6-94 

6-48 

6-00 

6-47 

4-90 

4-26 

8-47 

2*46 

28i 

6-19 

6-34 

6-88 

6-36 

4-79 

416 

8-39 

2-89 

28 

6-66 

6-21 

5-75 

5-24 

4-69 

4-07 

8-82 

2-34 

22i 

6-50 

6-07 

5-62 

613 

4-59 

3-98 

S-26 

2-29 

22 

6-36 

6-94 

6-60 

5-02 

4-49 

3-89 

8-18 

2-24 

21i 

6-21 

5-80 

5-38 

4-90 

4-39 

3-80 

8-10 

2-19 

21 

6-07 

6-67 

5-25 

4-79 

4-28 

8-72 

808 

214 

20i 

6-92 

6-53 

5-12 

4-67 

4-18 

8-63 

2-96 

2-09 

20 

5-78 

6-40 

6-00 

4-56 

4-08 

8-64 

2-89 

2-04 

m 

6-64 

6-26 

4-87 

4-46 

8-98 

8-45 

2-82 

1-99 

19 

5-49 

513 

4-75 

4-33 

8-88 

3-36 

2-74 

1-94 

18i 

5-34 

4-99 

4-62 

4-22 

3-77 

8-27 

2-67 

1-88 

18 

5-20 

4-86 

4-60 

410 

3-67 

3-19 

2-60 

1-88 

m 

6-06 

4-72 

4-37 

8-99 

8-67 

8-10 

2-68 

1-78 

11 

4-91 

4-69 

4-25 

3-88 

8-47 

8-01 

2*46 

1-78 

IH 

4-11 

4-45 

4-12 

3-76 

3-36 

2-92 

2-38 

1-68 

16 

4-62 

4-82 

4-00 

3-65 

3-26 

2-88 

2-31 

1-68 

15i 

4-48 

4-18 

8-87 

3-58 

8-16 

2-74 

2*24 

1-68 

FBOBOBnOaiS  OF  LAP  FOB  EXPANSION. 
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TABLB —  Continued, 


Lsngth 
cTttroke 

Firoportlon  of  the  stroke  at  whleh  the  steam  is  cnt  oft 

or  the 

vilye  in 

Inches. 

■ 
■ 

4 

A 

i 

^ 

A 

i 

i 

A 

ih 

IS 

4-8S 

4*05 

8-76 

8^42 

8^06 

265 

2-16 

168 

.  IH 

419 

8-91 

8-62 

8-81 

2^96 

2-67 

2-09 

1-48 

14 

4-06 

8-'r8 

8-60 

819 

2-86 

2-48 

2^02 

1-48 

18i 

8-90 

8-64 

8-3Y 

8^08 

2-76 

2^39 

1-96 

1^37 

IS 

S'W 

8-51 

8-26 

2-96 

2-65 

2^30 

1-88 

1-82 

lai 

8-61 

8-87 

812 

2-85 

2-55 

2-21 

1^80 

1-27 

12 

8-4Y 

8-24 

8-00 

2^74 

2  45 

2-12 

178 

1-22 

Hi 

3-82 

3-10 

2-87 

2-62 

2-35 

2^8 

1^66 

117 

11 

8*18 

2-9Y 

2-76 

2-61 

2-24 

1-95 

1^68 

1-12 

10^ 

808 

2-83 

2-62 

2*39 

2^14 

1^86 

1-61 

1-07 

.10 

2-89 

2-'70 

2-60 

2-28 

2-04 

1-77 

1-44 

1^02 

H 

2*65 

2-66 

2^37 

2^17 

198 

1^68 

1^32 

•96 

9 

2-60 

2*48 

225 

2-06 

1-84 

1-69 

l^SO 

•92 

Bi 

2-46 

2*29 

212 

1-94 

1^73 

1^50 

1^28 

•86 

8 

2-81 

2-16 

2-00 

1-82 

1-63 

142 

116 

•81 

^ 

216 

2-02 

1-87 

1^71 

1^58 

1-33 

1-08 

•76 

1 

2-02 

1-89 

176 

1^60 

1^43 

1^24 

1-01 

•71 

H 

1-88 

1-75 

1^62 

1-48 

1-32 

115 

•94 

•66 

6 

1-73 

1-62 

1-60 

1-37 

1-22 

1^06 

•86 

•61 

H 

1-68 

1-48 

1-37 

1.25 

1^12 

•97 

•79 

•56 

5 

1-44 

1-36 

1^25 

1-14 

1^02 

•88 

•72 

•51 

H 

1-30 

1-21 

1-12 

1-03 

•92 

•80 

•66 

•46 

4 

116 

1-08 

1^00 

•91 

•82 

•71 

•68 

•41 

H 

101 

•94 

•87 

•80 

•71 

•62 

•60 

•36 

s 

•86 

•81 

•75 

•68 

•61 

•63 

•44 

•30 

The  above  table  is  an  exteasion  of  the  first,  for  the  pnrpose 
of  obviating,  in  most  cases,  the  necessity  of  even  the  very  small 
^ee  of  trouble  required  in  multiplying  the  stroke  of  the  valve 
by  one  of  the  decimals  in  the  first  table.    The  first  line  of  the 
second  table  consists,  as  in  the  first  table,  of  eight  fractions,  in- 
dicating the  various  parts  of  the  stroke  at.  which  the  steam  may 
be  cut  off.    The  first  column  on  the  left  hand  consists  of  various 
numbers  that  represent  the  different  lengths  that  may  be  given 
to  the  stroke  of  the  valve,  diminishing  by  half  inches  from  24 
inches  to  8  inches.    Suppose  that  we  wish  the  steam  to  be  cut 
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off  at  any  of  the  eight  parts  of  the  stroke  indicated  in  the  fiiat 
line  of  the  table  (say  at  ^  from  the  end  of  the  stroke),  we  find 
^  at  the  top  of  the  6th  column  from  the  left.  We  next  look  for 
the  proposed  length  of  stroke  of  the  valve  (say  17  inches)  in  the 
first  colmnn  on  the  left.  From  17,  in  that  column,  we  run  along 
the  line  towards  the  right,  and  in  the  sixth  column,  and  directly 
under  the  ^  at  the  top,  we  find  3*47,  which  is  the  amount  of  lap 
required  in  inches  to  cause  the  steam  to  be  cut  off  at  ^  from  the 
end  of  the  stroke,  if  the  valve  has  no  lead.  If  we  wish  to  give 
it  lead  (say  i  inch),  we  subtract  the  half  of  that,  or  •|=*125  inch, 
from  3*47,  and  we  have  3*47—125=3*345  inches,  the  quantity 
of  lap  that  the  valve  should  have. 

To  find  the  greatest  efficient  breadth  that  we  can  give  to 
the  port  in  this  case,  we  have,  as  before,  half  the  length  of 
stroke,  &|— 3*345=5*155  inches,  which  is  the  greatest  efficient 
breadth  we  can  give  to  the  port  with  this  length  of  stroke.  B 
is  scarcely  necessary  to  observe  that  it  is  not  at  all  essential  that 
the  port  should  be  so  broad  as  this;  indeed,  where  great  lengfJi 
of  stroke  in  the  valve  is  not  inconvenient,  it  is  always  an  advao-. 
tage  to  make  it  travel  further  than  is  just  necessary  to  make  tbd 
port  open  fully ;  because,  when  it  travels  further,  both  the  er 
hausting  and  steam  ports  are  more  quickly  opened,  so  as  to  al- 
low greater  freedom  of  motion  to  the  steam. 

The  manner  of  using  this  table  is  so  simple,  that  we  need 
not  trouble  ourselves  with  more  examples,  and  may  pass  on, 
therefore,  to  explain  the  use  of  the  third  table. 

Suppose  that  the  piston  of  a  steam-engine  is  making  its 
downward  stroke,  that  the  steam  is  entering  the  upper  part  ci 
the  cylinder  by  the  upper  steam  port,  and  escaping  from  bdow 
the  piston  by  the  lower  exhausting  port;  if,  as  is  generally  the 
case,  the  slide-valve  has  some  lap  on  the  steam  side,  the  upper 
port  will  be  closed  before  the  piston  gets  to  the  bottom  of  the 
stroke,  and  the  steam  above  then  acts  expansively,  while  the 
communication  between  the  bottom  of  the  cylinder  and  the  con- 
denser stiU  continues  open,  to  allow  any  vapour  from  the  oon- 
densed  water  in  the  cylinder,  or  any  leakage  past  the  piston,  to 
escape  into  the  condenser ;  but,  before  the  piston  gets  to  the 
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Mttom  of  the  cylinder,  this  passage  to  the  condenser  will  also  be 
mt  off  by  the  valve  closing  the  lower  port.  Soon  after  the  lower 
^ort  is  thus  closed,  the  upper  port  will  be  opened  towards  the 
Mmdenser,  so  as  to  allow  the  steam  that  has  been  acting  ezpan- 
rively  to  escape.     Thns,  before  the  piston  has  completed  its 
ifroke,  the  propelling  power  is  removed  from  behind  it,  and  a 
raeiBting  power  is  opposed  before  it,  arising  from  the  vaponr  in 
fhe  cylinder,  which  has  no  longer  any  passage  open  to  the  con- 
denser.   It  is  evident,  that  if  there  is  no  lap  on  the  exhausting 
dde  of  the  valve,  the  exhausting  port  before  the  piston  will  be 
dosed,  and  the  one  behind  it  opened,  at  the  same  time ;  but,  if 
there  is  any  lap  on  the  exhausting  side,  the  port  before  the  pis- 
ton will  be  closed  before  that  behind  it  is  opened ;  and  the  in- 
tetral  between  the  closing  of  the  one  and  the  opening  of  the 
otiier,  will  depend  on  the  quantity  of  lap  on  the  exhausting  side 
of  the  valve.    Again,  the  position  of  the  piston  in  the  cylinder, 
irbm  these  ports  are  closed  and  opened  respectively,  will  depend 
cm  fhe  quantity  of  lap  that  the  valve  has  on  the  steam  side.    If 
tiie  lap  is  large  enough  to  cut  the  steam  off  when  the  piston  is 
yet  a  considerable  distance  from  the  end  of  its  stroke,  these 
portB  will  be  closed  and  opened  at  a  proportionably  early 
part  of  the  stroke;   and  in  the  case  of  engines  moving  at 
a  high  speed,  it  has  been  found  that  great  benefit  is  obtained 
hm  allowing  the  steam  to  escape  before  the  end  of  the 
atroke. 

The  thu*d  table  is  intended  to  show  the  parts  of  the  stroke 
where,  under  any  given  arrangement  of  slide  valve,  the  eduction 
ports  close  and  open  respectively,  so  that  thereby  the  engineer 
Buty  be  able  to  estimate  how  much,  if  any,  of  the  efficiency  he 
loses,  while  he  is  trying  to  add  to  the  power  of  the  steam  by  in- 
creasing the  expansion.  In  this  table  there  are  eight  columns 
toarked  A,  standing  over  eight  columns  marked  B,  and  at  the 
heads  of  these  columns  are  eight  fractions  as  before,  representing 
80  many  different  parts  of  the  stroke  at  which  the  steam  may 
he  supposed  to  be  cut  off. 
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The  colnnmB  marked  A  express  th«  dUtaaee  qf  tka  pi»ton~ 
in  part*  of  iU  tt/Toke—from  the  end  of  tha  itrobe  v>h»n  the  tdm- 
turn  port  b^ore  it  it  »hut,Biii  tbe  colQmufiiiuiAedB,aiid  whio^ 
Btaod  immediately  ander  the  ooinmos  marked  A,  eipreet  Hit 
dUtanee  of  the  piston  from  (A«  md  of  itt  ttroke  vihm  tht  tt- 
hauating  port  behind  it  u  opened — also  meaBored  in  parts  of  thl 


m.^PBOPO 

anos 

OF   THB   BTB 

0KB  A 

C  TBIOH  THX   MDCOItm 

POBT  IS  SHITE 

AMD    OPENED. 

^..IZrA^. 

Pn,pmi™rfU. 

•udtu 

.hlAlt.ra.a.l. 

.,. 

■i'.T^.rai' 

^ 

lis* 

■OffJ 

urn 

■Ma 

■ow 

■«ss 

Suppose  we  have  an  engine  in  wbioh  tbe  slide  valve  is  ni*h 
to  out  the  stem  off  wlien  the  pbton  is  l-3rd  &om  the  end  of  Ik 


end  otti 


ralve  Ij  ui 


engines  moTlng  slowly 
lO  jnch  engines  there  wl 
ofUieaDoka,! 


8  leid  Is  Dsufllly  nuae  ^Ih  of  Oie  ta.nL  B 
«B3ll7  forsneul;  eduction  does  nat«ilal|lrf 
rom  opening  the  oineUon  mueli  beftm  UwM* 
moving  preasnre  arging  (bo  platen  le  thna  removed  MknBI 
Wiea  tbe  valve  It  doeed  before  the  piston  pnTloulr  W IH 
end  or  the  itrofee,  the  attenuated  vapoar  In  the  cylinder  will  be  (ompitMi,  ■* 
Bocaellmea  the  comprcaalen  will  bo  carried  eo  tar  that  the  pKsaorB  reiiHtbif  tk* 
piston  St  the  end  of  the  atcoke  nill  exceed  tbe  preunre  of  the  Meam  In  die  tnB« 
The  Indicator  dligrem  will  In  scch  cues  appeu  witb  » loop  at  iu  npptrcvBBi 
which  shows  that  the  pressore  before  the  end  of  the  stroke  eiceeds  the  jttmmt  d 
the  steam,  and  that  the  first  effect  of  opening  the  commonlcallon  betwiB  to 
cjllniler  and  tbe  buller  la  to  enable  the  cylinder  to  diechuge  lU  highly  conqcHMl 
vapour  backward  Into  tha  boiler.  Thaaet  of  comprcAaIng  tha  atcuu  l»  vbM  fe 
called  caiAtoning;  and  la  all  ordliuuj  dlBgiame  this  action  may  bo  mmvIM 


XJPFBCTS  OF  LAP  ON  EDUCATION.  195 

iiroice,  and  that  the  lap  on  the  eduction  or  exhansting  side  of 
the  yalve  is  l-8th  of  the  whole  length  of  its  stroke.  Let  the 
l^roke  of  the  piston  be  6  feet,  or  72  inches.  We  wish  to  know 
when  the  exhausting  port  before  the  piston  will  be  closed,  and 
when  the  one  behind  it  will  be  opened.  At  the  top  of  the  lefb- 
iiloid  column  marked  A,  the  given  degree  of  expansion  (l-3rd) 
k  ffven^  and  in  the  extreme  left  column  we  have  at  the  top  the 
glT«a  amount  of  l&p  (l-8th).  Opposite  the  l-8th  in  the  first 
eoimnn,  marked  A,  we  have  *178,  and  in  the  first  column,  marked 
8^*088,  which  decimals,  multiplied  respectively  by  72,  the  length 
<f  the  stroke,  wHl  give  the  required  positions  of  the  piston: 
ioB  72  X  '178  =  12*8  inches  =  distance  of  the  piston  from  the 
kA  of  the  stroke  when  the  exhaustion-port  h^ore  the  piston  is 
dmtt  and  72  x  -083  =  2*38  inches  =  distance  of  the  piston  from 
file  end  of  its  stroke  when  the  exhausting-port  lehind  it  is 
spoiled. 

To  take  another  example.  Let  the  stroke  of  the  valve  be  16 
hAea,  the  lap  on  the  exhausting  side  i  inch,  the  lap  on  the 
tern  side  8^  inches,  and  the  length  of  the  stroke  of  the  piston 
60  inches.  It  is  required  to  ascertain  all  the  particulars  of  the 
I^Mjcing  of  this  valve.  The  lap  on  the  exhausting  side  is  evi- 
iantly  ^  of  the  length  of  the  valve  stroke.  Then,  looking  at  16 
in  the  left-hand  colunm  of  the  table  in  page  190,  we  find  in  the 
inne  horizontal  line,  3*26,  or  very  nearly  3jr,  under  ^  at  the  head 
of  the  column,  thus  showing  that  the  steam  will  be  cut  off  at 
Ofte-fllzth  from  the  end  of  the  stroke.  Again,  under  j-  at  the 
kad  of  the  sixth  column  from  the  left  in  the  table  in  page  194, 
Iftd  in  a  line  with  ^  in  the  left-hand  colunm,  we  have  *053  un- 
*r  A,  and  -033  under  B.  Hence,  -053  x  60  =  3*18  inches  =  dis- 
teioe  of  the  piston  from  the  end  of  its  stroke  when  the  exhaust- 
hg-port  before  it  is  shut,  and  *033  x  60  =  1*98  inches  =  distance 
of  the  piston  from  the  end  of  its  stroke  when  the  exhausting- 
port  behind  it  is  opened.  If  in  this  valve  the  lap  on  the  ex- 
hnsting  side  were  increased  say  to  2  inches  or  |  of  the  stroke, 
&6  effeot  would  be  to  cause  the  port  before  the  valve  to  be  shut 
MMner  in  the  proportion  of  '109  to  *053,  and  the  port  behind  it 
later  in  the  proportion  of  *008  to  '003.    Whereas,  if  the  lap  on 
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the  exhausting  side  were  removed  entirely,  the  port  before  the 
piston  wonld  be  shut  and  that  behind  it  opened  at  the  same 
time.  The  distance  of  the  piston  from  the  end  of  its  stroke  ii 
that  time  would  be  *048  x  60  =  2*58  inches. 

An  inspection  of  the  third  table  shows  ns  the  effect  of  in- 
oreadng  the  expansion  by  the  slide  valve  in  augmenting  the  Iimp 
of  power  occasioned  by  the  imperfect  action  of  the  eduction  pM- 
sages.    Beferring  to  the  bottom  line  of  the  table,  we  see  that  ^ 
eduction  passage  before  the  piston  is  dosed,  and  that  behind  if 
opened,  thus  destroying  the  whole  moving  power  of  the  engine 
when  the  piston  is  '092  from  the  end  of  its  stroke,  the  steapi 
being  cut  off  at  i  from  the  end.    Whereas  if  the  steam  is  oiijr 
cut  off  at  ^V  ^^™  ^^  ^^<^  ^^  ^^^  stroke,  the  moving  power  is  not 
withdrawn  tiU  only  *011  of  the  stroke  remains  uncompleted*   B 
will  also  be  observed  that  increasing  the  lap  on  the  exhausting 
side  has  the  effect  of  retaining  the  action  of  the  steam  loDgV 
"behind  the  piston,  but  it  at  the  same  time  causes  the  eduoticn 
port  "before  it  to  be  closed  sooner. 

A  very  cursory  examination  of  the  action  of  the  slide  vahBj 
is  sufficient  to  show  that  the  lap  on  the  steam  side  should  alv0ij 
be  greater  than  on  the  eduction  side.    If  they  were  equal,  tii0| 
steam  would  be  admitted  on  one  side  of  the  piston  at  the 
time  that  it  was  allowed  to  escape  from  the  other;  but  univanri 
experience  has  shown  that  when  this  is  the  case  a  very  M^ 
siderable  part  of  the  power  of  the  engine  is  destroyed  by  tlieitij 
sistance  opposed  to  the  piston,  by  the  escaping  steam  not 
away  to  the  condenser  with  sufficient  rapidity.    Hence  we  i 
the  necessity  of  the  lap  on  the  eduction  side  being  always.) 
than  the  lap  on  the  steam  side ;  and  the  difference  should  be 
greater  the  higher  the  velocity  of  the  piston  is  intended  to 
because  the  quicker  the  piston  moves,  the  passage  for  the  wi 
steam  requires  to  be  the  larger,  so  as  to  admit  of  its  getting  \ 
to  the  condenser  with  as  great  rapidity  as  possible.    In  h 
tive  or  other  engines,  where  it  is  not  wished  to  expand  the  i 
in  the  cylinder  at  all,  the  slide  valve  is  sometimes  made 
very  little  lap  on  the  steam  side ;  and  in  these  circumstanoes^ 
order  to  get  a  sufficient  difference  between  the  lap  on  the  stei 
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and  the  edaotion  sides  of  the  valve,  it  may  be  necessary  not  only 
to  take  away  all  the  lap  on  the  eduction  side,  but  to  take  off  still 
lAore,  so  as  to  canse  both  eduction  passages  to  be,  in  some  de- 
gree, open,  when  the  valve  is  at  the  middle  of  its  stroke.  This, 
aooordingly,  is  sometimes  done  in  such  circnmstanoes  as  we  have 
deKsribed ;  but,  when  there  is  a  considerable  amount  of  lap  on 
file  steam  side,  this  plan  of  taking  more  than  all  the  lap  off  the 
ilnotion  side  ought  never  to  be  resorted  to,  as  it  can  serve  no 
Hqod  purpose,  and  will  materially  increase  au  evil  we  have  al- 
Mdy  explained :  viz.,  the  opening  of  the  eduction  port  behind 
fte  piiston  before  the  stroke  is  nearly  completed.  In  the  case 
%  locomotive  or  other  engines  moving  rapidly,  it  is  very  con- 
'dlifiive  to  efficiency  to  begin  the  eduction  before  the  end  of  the 
'^roke,  as  the  piston  moves  slowly  at  that  time ;  and  a  very  small 
'teoont  of  travel  in  the  piston  at  that  point  corresponds  to  a 
iiDOdderable  additional  time  given  for  the  accomplishment  of  the 
'^taction.  The  tables  apply  equally  to  the  common  short-slide 
-JBivBe-ported  valves,  and  to  the  long  D  valves. 

The  extent  to  which  expansion  can  be  carried  conveniently 

Ijf  means  of  lap  upon  the  valve  is  about  one-third  of  the  stroke ; 

'Aist  is,  the  valve  may  be  made  with  so  much  lap  that  the  steam 

'%ffl  be  out  off  when  one-third  of  the  stroke  has  been  performed, 

jlMving  the  residue  to  be  accomplished  by  the  agency  of  the  ex- 

fuding  steam ;  but  if  much  more  lap  be  put  on  than  answers  to 

''ftb  amount  of  expansion  a  distorted  action  of  the  valve  will  be 

Urodaced,  which  will  impair  the  efficiency  of  the  engiue.    By 

^ilie  use  of  the  link  motion,  however,  much  of  this  distorted  action 

lUL  be  compensated.    If  a  farther  amount  of  expansion  than  this 

ni|  wanted,  where  the  link  motion  is  not  used,  it  may  be  attained 

V  wire-drawing  the  steam,  or  by  so  contracting  the  steam  pas- 

iige  that  the  pressure  within  the  cylinder  must  decline  when  the 

"^eed  of  the  piston  is  accelerated,  as  it  is  about  the  middle  of  the 

'Kroke.    Thus,  for  example,  if  the  valve  be  so  made  as  to  shut 

roff  the  steam  by  the  time  two-thirds  of  the  stroke  have  been 

P]Mrfonned,  and  the  steam  be  at  the  same  time  throttled  in  the 

Iteam  pipe,  the  full  pressure  of  the  steam  within  the  cylinder 

onmot  be  maintained  except  near  the  beginning  of  the  stroke, 
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where  the  piston  travels  slowlj ;  for  as  the  speed  of  the  puatoo 
increases,  the  pressure  necessarily  subsides,  until  the  piston  tip* 
proaches  the  other  end  of  the  cylinder,  where  the  pressure  would 
rise  again  but  that  the  operation  of  the  lap  on  the  valve  by  thlft 
time  has  had  the  effect  of  dosing  the  cquununication  between 
the  cylinder  and  steam  pipe,  so  as  to  prevent  more  steam  from 
entering.  By  throttling  the  steam,  therefore,  in  the  manner 
here  indicated,  the  amount  of  expansion  due  to  the  lap  may  be 
doubled,  so  that  an  engine  with  lap  enough  upon  the  valve  to 
cut  off  the  steam  at  two-thirds  of  the  stroke,  may,  by  the  aid 
of  wire-drawing,  be  virtually  rendered  capable  of  cutting  off  thi 
steam  at  one-third  of  the  stroke. 

Ths  IdnJc  Motion. — The  rules  and  proportions  here  grreur 
are  equally  applicable,  whether  the  valve  is  moved  by  a  sbi|^ 
eccentric,  or  by  the  arrangement  called  the  link  motumy  and 
which  has  now  been  very  generally  introduced  into  steam  en- 
gines. In  the  link  motion  there  ore  two  eccentrics,  one  of 
which  is  set  so  as  to  drive  the  engine  in  one  direction,  and  tlie 
other  is  set  so  as  to  drive  the  engine  in  the  opposite  directk% 
and  when  the  stud  in  communication  with  the  valve  is  shifted  to 
one  end  of  the  link,  that  stud  partakes  of  the  motion  of  the  for- 
ward eccentric,  whereas,  when  it  is  placed  at  the  other  end  of 
the  link,  it  partakes  of  the  motion  of  the  backing  eccentric  A 
common  length  of  the  link  is  three  times  the  stroke  of  the  vaha-^ 
Generally  the  stud  is  placed  either  at  one  end  of  the  link  or  tto 
other,  not  by  moving  the  stud  but  by  moving  up  or  down  tb* 
link ;  and  it  is  better  that  this  movement  should  be  vertical,  ssi 
be  made  by  means  of  a  screw,  than  that  the  movement  ahoM 
be  produced  by  a  lever  travelling  through  an  arc.  The  p«W 
of  suspension  should  be  near  the  middle  of  the  1in>  where  it» 
motion  is  the  least.  The  link  connects  together  the  ends  of  th^ 
two  eccentric  rods,  and  is  sometimes  made  straight,  but  gan^ 
erally  curved,  the  curvature  being  an  arc  of  such  radius  that  tbt 
link  may  be  raised  up  or  down  without  sensibly  alteriDg  ti* 
position  of  the  stud  with  which  the  valve  is  connected.  But  tta 
link  should  be  convex  or  concave  towards  the  valve,  accordiBi 
as  the  eccentric  rods  are  crossed  or  uncrossed  when  the  thw* 
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of  the  eocentrios  are  tamed  towards  the  link.  In  the  case  of 
new  arrangements  of  engine,  it  is  advisable  to  make  a  skeleton 
model  in  paper  of  the  link  and  its  connexions,  so  as  to  obtain  fall 
assoranoe  that  it  works  in  the  best  way. 

TELOCITY    OF   WATER    IN    MVERS,   CANALS,   AND   PIPES, 
ANSWERABLE   TO   ANY   GIVEN   DECLIVITY. 

When  a  river  runs  in  its  bed  with  a  aniform  velocity,  the 
gi^svitation  of  the  water  down  the  inclined  plane  of  the  bed,  is 
fast  balanced  by  the  friction.  In  the  cose  of  canals,  calverts, 
and  pipes,  precisely  the  same  action  takes  place.  The  head  of 
water,  therefore,  which  arges  the  flow  through  a  pipe,  may  be 
fivided  into  two  parts,  of  which  one  part  is  expended  in  giving 
to  I3ie  water  its  velocity,  and  the  other  part  is  expended  in  over- 
ooming  the  friction.  If  water  be  let  down  an  inclined  shoot,  its 
iJKytion  at  the  top  will  be  slow,  bat  will  go  on  accelerating  until 
tlw  friction  generated  by  the  high  velocity  will  jast  balance  the 
gnxfitation  down  the  plane,  and  after  this  point  has  been  attained, 
the  shoot  may  be  made  longer  and  longer  without  any  increase 
ill  the  velocity  of  the  water  taking  place.  In  the  case  of  a  ball 
Ming  in  the  air  or  in  water,  the  velocity  of  the  descent  will  go 
on  increa^g  until  the  resistance  becomes  so  great  as  to  balance 
tiie  wei^t ;  and,  in  the  case  of  a  steam  vessel  propelled  through 
the  water,  the  speed  will  go  on  increasing  until  the  resistance 
jwA  balances  the  tractive  force  exerted  by  the  engines,  when  the 
ipeeA  of  the  vessel  will  become  xmiform.  In  all  these  cases  the 
resistance  increases  with  the  speed ;  and  as  the  speed  increases, 
the  resistance  increases  also,  until  it  becomes  equal  to  the  ac- 
celerating force. 

The  resistance  which  is  occasioned  by  the  friction  of  water 
increases  more  rapidly  than  the  increase  of  the  velocity.  In 
ether  words,  there  will  be  more  than  twice  the  friction  with 
twice  the  velocity.  It  is  found  by  experiment  that  the  friction 
of  water  increases  nearly  as  the  square  of  its  velocity,  so  that 
there  will  be  about  four  times  the  resistance  with  twice  the 
•peed.    This  law,  however,  is  only  approximately  correct    The 
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friction  does  not  increase  quite  so  rapidly  at  high  yelodtiM  18 
the  square  of  the  speed. 

It  is  easy  to  determine  the  friction  in  lbs.  per  square  foot  of 
any  given  pipe  or  conduit,  with  any  given  velocity  of  the  streaiD, 
when  the  slope  or  declivity  of  the  surface  of  the  water  is  known. 
For  as  the  gravitation  down  the  inclined  plane  of  the  condmt 
just  balances  the  friction,  the  Mction  in  the  whole  length  of  the 
conduit  will  be  equal  to  the  whole  weight  of  the  water  in  it^  re- 
duced in  the  same  proportion  as  any  other  body  descending  an 
inclined  plane.    Thus,  if  the  conduit  be  2,000  feet  long,  and  have 
1  foot  of  fall  in  that  length,  the  total  friction  will  be  equal  to  the 
total  weight  of  the  water  divided  by  2,000,  and  the  friction  per 
square  foot  will  be  equal  to  this  2000th  part  of  the  weight  of  the 
water  divided  by  the  number  of  square  feet  exposed  to  the  water 
in  the  conduit.    The  friction  will  in  all  cases  vary  as  the  rubbing 
surface,  or,  what  is  the  same  thing,  as  the  wetted  perimeter 
As  a  cylindrical  pipe  has  a  less  perimeter  than  any  other  form,  it 
will  occasion  less  resistance  than  any  other  form  to  water  passing 
through  it.    In  like  manner,  a  canal  or  a  ship  with  a  senu- 
circular  cross  section  will  have  the  minimum  amount  of  £rictioo. 

The  propelling  power  of  flowing  water  being  gravity,  the 
amount  of  such  power  will  vary  with  the  magnitude  of  the 
stream ;  but  the  resisting  power  being  friction,  which  varies  "mth 
the  amount  of  surface,  or  in  any  given  length  with  the  wetted 
perimeter,  it  will  follow  that  the  larger  the  area  is  relatively 
with  the  wetted  perimeter,  the  less  will  be  the  resistance  relfr 
tively  with  the  propelling  power,  and  the  greater  will  be  the 
velocity  of  the  water  with  any  given  declivity.  Now,  as  the 
circumference  or  perimeter  of  a  pipe  increases  as  the  diameter, 
and  the  area  as  the  square  >of  the  diameter,  it  is  clear,  that  with 
any  ^ven  head,  water  will  run  more  swiftly  through  large  pip^ 
than  through  small ;  and  in  like  manner  with  any  given  propeP" 
tion  of  power  to  sectional  area,  large  vessels  will  pass  mflu* 
swiftly  than  small  vessels  through  the  water.  The  sectioD* 
area  of  a  pipe  or  canal  divided  by  the  wetted  perimeter,  is  whi* 
is  termed  the  hydraulic  mean  depths  and  this  depth  is  whl» 
would  result  if  we  suppose  the  perimeter  to  be  bent  out  io  • 


TBLOGomr  or  KuinaKa  waxes  in  ooin>uiTS.     201 

flnigiit  Imey  and  the  Boctional  area  to  be  spread  evenly  over  it, 

80  that  eaoh  foot  of  the  perimeter  had  its  proper  share  of  sec- 

tional  area  above  it.    The  greater  the  hydraulic  mean  depth,  the 

greater  with  any  given  deoHvity  will  be  the  velocity  of  the 

stream.    With  any  given  &11,  therefore,  deep  and  large  rivers 

will  nm  more  swiftly  than  small  and  shallow  ones.    The  hy- 

^drsalic  mean  depth  of  a  steam  vessel  will  be  the  indicated  power 

divided  by  the  wetted  perimeter  of  the  cross  section. 

TO  DETEBMINE  THE  MEAN  VELOOITY  WITH  WHIOH  WATEB  WILL 
FLOW  THBOUGH  CANALS,  AETEBIAL  DBAINS,  OB  PIPES,  BfDN- 
mrO  PABTLT  OB  WHOLLY  FILLED. 

BuLE. — Multiply  the  hydraulic  mean  depth  in  feet  "by  twice  the 
fall  in  feet  per  mile;  taJse  the  squa/re  root  of  the  product  amd 
multiply  it  "by  55,  The  result  is  the  mean  velocity  of  the 
itream  in  feet  per  minute.  This  again  multiplied  "by  the  sec- 
tional a/rea  in  square  feet  gives  the  discharge  in  cuMc  feet 
per  minute, 

MBamplc-^WhaLt  is  the  mean  velocity  of  a  river  flailing  a  foot 
in  the  mile,  and  of  which  the  mean  hydraulic  depth  is  8  feet  ? 

Here  8  x  2  =  16,  the*  square  root  of  which  is  4,  and  this 
multiplied  by  55  =  220,  which  will  be  the  mean  velocity  of  the 
Itream  in  feet  per  minute. 

In  cylindrical  pipes  running  full,  the  hydraulic  mean  depth  is 
one-fourth  of  the  diameter.    For  the  hydraulic  mean  depth  being 

the  area  divided  by  the  wetted  perimeter.it  is  — =  —  *  i 

.  8-1416(2      4-    i 

*  The  snrfoce,  bottom,  and  mean  yelocitles  of  rlyera  haye  fixed  relations  to  one 
ttotber.  Thus,  if  the  snr&ce  yelocity  in  inches  per  second  be  denoted  by  Y,  the 
BMan  velocity  will  be  (Y  +  0-5)  —  yY  and  the  bottom  yeloclty  by  (Y  + 1) — 2  VV. 
With  sorfiice  velocities  therefore  of  4, 1^  82,  64,  and  100  inches  per  second,  the  cor- 
n^onding  mean  velocities  will  be  2*5, 12*5,  26*8^  56'6,  and  90*5  indies  per  second, 
ud  the  corresponding  bottom  yelocitles  will  be  1,  9,  21-6, 49,  and  81  inches  per 
■eoond. 

The  conunon  role  for  finding  the  number  of  cubic  feet  of  water  delivered  each 
ntanteby  a  pipe  of  any  given  diameter  is  as  follows  :—J)voide  4*72  times  ths  square 
f<^^iKeJ^th  power  qfthe  diameter  qf  the  pipe  in  inches  by  the  square  root 
of  Vie  quotient  obtained  ly  dividinq  the  length  qfthe  pipe  in  feet  by  the  head 
<tf voter  in  feet.  Hawksley^s  role  for  ascertaining  the  delivery  in  gallons  per 
Iwor  is  as  follows :— Multiply  15  Umes  the  ffih  power  qf  the  diameter  of  tks  pipe 

9* 
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M.  Pronj  has  shown  by  a  comparison  of  a  large  number  €i 
experiments  that  if  H  be  the  head  hi  feet  per  mile  required  to- 
balance  the  Motion,  Y  the  velocity  of  the  water  throagh  the  pipe ' 
in  feet  per  second,  and  D  the  diameter  of  the  pipe  in  f^t,  then  *• 

2-26V« 
^  =  ~D~- 

This  equation  is  identical  with  that  which  haff  been  used  bj  ^ 
Boulton  and  Watt  in  their  practice  for  the  last  half  century,  mMT- 
which  is  as  follows : — 

If  Z  be  the  length  of  the  main  in  miles,  Y  the  velodty  of  the 

water  in  the  main  in  feet  per  second,  D  the  diameter  of  the  pip^ 

in  feet,  and  2*25  a  constant, 

2-25rV« 
then  — jv —  =  feet  of  head  due  to  Motion. 

This  equation  put  into  words  gives  us  the  following  Rule: — 

TO  DETERMINE  THE  HEAD  OF  WATER  THAT  WILL  BALANCE  TBS 
FEIOTION  OP  WATER  EUNNINO  WITH  ANY  GIVEN  VELOOITr 
THROUOH  A  PIPE  OF  A  GIVEN  LENGTH  AND  DIAMETER. 

BuLE. — Multiply  2*25  times  the  length  of  the  pipe  in  miles  ly 

the  square  of  the  velocity  of  the  water  in  the  pipe  in  feet  per 

second^  and  divide  the  product  "by  the  diameter  of  the  pipe  ii^ 

feet.     The  quotient  is  the  head  of  water  in  feet  iMt  mU 

"balance  the  friction. 

The  law  indicated  by  this  Rule  is  expressed  numerically  in 
the  Tables  on  pp.  204,  205. 

in  inches  J>y  the  head  of  water  in/eet^  and  divide  the  product  by  (he  lenfffh  i 
the  pipe  in  yards.  Finally^  extract  the  square  rod  qf  the  quotient^  v^kh>g(9^ 
the  delivery  in  gallons  per  hour. 

The  aimnal  rain-fall  in  England  varies  from  20  to  70  incheB,  tho  mean  being  ^ 
Inches,  and  it  is  reckoned  that  about  ^^ths  of  the  rain-foU  on  any  given  ares  vHjf 
be  collected  for  storage.  A  cnblc  foot  of  water  is  about  6}  gallons,  and  it  is  Anw 
in  supplying  towns  with  water  that  about  on  the  average  16  gallons  per  hesdp* 
day  are  required  in  ordinary  towns,  and  20  gallons  per  head  per  day  In  BanO"** 
taring  towns,  but  the  pipes  should  be  large  enough  to  convey  twice  this  quanW* 
In  the  rainy  districts  of  England  collecting  reservoirs  should  contain  120  days^fV 
ply,  and  in  dry  districts  200  days'  supply.  Service  reservoirs  are  usually  in»^  ^ 
contain  8  days'  supply.  The  mean  daily  evaporation  in  England  is  "08  of  SD  iBVi 
and  the  loss  from  the  overflow  of  storm  water  is  reckoned  to  be  about  10  per  <'*^ 
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JShsplantttufn  cf  ths  Taiblea.-^The  top  horirontal  row  of 
figures  represents  either  the  diameter  of  a  cylindrical  pipe,  or 
four  tames  the  area  of  any  other  shaped  pipe  divided  by  the  cir- 
cnmference,  or  four  times  the  area  of  the  cross  section  of  a  canal, 
divided  by  the  sum  of  all  its  sides,  or  bottom  and  sides,  all  being 
in  inches. 

-  The  first  vertical  column  indicates  the  slope  of  the  pipe  or 
oaaal,  that  is,  the  whole  length  of  the  pipe  or  canal,  divided  by 
the  perpendicular  falL 

Any  number  in  any  other  column  indicates  the  velocity,  in 
inebes  per  second,  with  which  water  would  run  through  a  pipe 
of  such  a  diameter  as  the  number  at  the  head  of  such  column 
expresses,  having  such  a  slope  as  that  number  in  the  first  column 
expresses  which  is  horizontally  against  such  velocity. 

Ihsamjple  1. — ^With  what  velocity  will  water  run  through  a 
pipe  of  16  inches  diameter,  its  length  being  8,000  feet,  and  fall 
Idfeett  Here  the  slope  manifestly  is  8,000-i-16=500.  Against 
600  in  the  first  column,  and  imder  16,  the  diameter  in  the  top 
TOW  of  figures,  the  number  29*8  is  found,  which  is  the  velocity 
in  laches  per  second. 

Example  2. — ^With  what  velocity  will  water  pass  through  a 
pipe  of  21  inches  diameter,  having  a  slope  of  900  ?  21  is  not 
found  in  the  head  of  the  Table,  in  which  case  such  a  number 
nrnst  be  found  in  the  top  row  as  will  bear  such  proportion  to  21 
88  some  other  two  numbers  in  the  top  row  bear  to  each  other, 
SQd  these  latter  numbers  should  be  as  near  to  21  as  they  can  be 
found. 

In  this  case  it  wlQ  be  seen  that  18  is  to  21  as  6  is  to  7,  or 
(for  compliance  with  the  indication  just  mentioned)  rather  as  12 
to  14,  or  still  better  as  24  to  28.  Then  say  as  the  velocity 
(•gainst  900,  the  slope)  under  24  is  to  28  (28*7),  so  is  the  velocity 
^der  18  (22*7)  to  that  of  21  (viz.  24*7)  the  velocity  in  inches 
per  second. 

By  the  same  process  may  the  velocity  for  slopes  be  found  or 
Assigned,  which  are  not  to  be  found  in  the  first  column  of  the 
J'able,  proceeding  with  proportions  found  in  the  vertical  col- 
^Unn  instead  of  the  horizontal  rows;  the  first  vertical  column 
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In  some  oases  Messrs.  Boolton  and  Watt  hare  emplojed  tha- 
constant  1*82  instead  of  2*26.  Mr.  Mylne's  constant  is  1*1^4; 
but  some  carefnl  experiments  made  hj  him  at  the  West  Middle- 
sex Waterworks,  gave  a  constant  as  high  as  2*62. 

OTHEB  TOPICS  OF  THB  THSOEY  OF  STSAM-ENGINBS. 

It  will  not  be  necessary  to  extend  these  remarks  by  an  inres-- 
tigation  of  the  theory  of  the  crank  as  an  instrument  for  convert^ 
ing  rectilinear  into  rotatory  motion,  since  the  idea,  once  widely 
prevalent,  that  there  was  a  loss  of  power  consequent  npcn  Its^ 
use,  is  now  universally  exploded.    Keither  will  it  be  neoessalT 
to  enter  into  any  explanation  of  the  structure  of  the  ntoneroai^ 
rotatory  engines  which  have  at  different  times  been  projected, 
since  none  of  those  engines  are  in  common  or  beneficial  opera' 
tion.    The  proper  dimensions  of  the  cold  water  and  feed  pump(^ 
the  action  of  the  fly-wheel  in  redressiag  irregularities  of  the  mo- 
tion of  the  engine,  and  other  material  points  which  might  prop- 
erly  fall  to  be  discussed  under  the  head  of  the  Theory  of  tke 
Steam-Engine,  and  which  have  not  ah*eady  been  treated  d, 
will,  for  the  sake  of  greater  conciseness,  be  disposed  of  in  iStt 
chapter  on  the  Proportions  of  Steam-Engines,  when  these  vari- 
ous topics  must  necessarily  be  considered.    Nor  is  it  deemed  ad- 
visable here  to  recapitulate  the  rules  for  proportioning  the  vari- 
ous kinds  of  parallel  motion,  since  parallel  motions  have  no^ 
almost  gone  out  of  use,  and  since  also  any  particular  case  of  a 
parallel  motion  which  has  to  be  considered,  can  easily  be  resolv- 
ed geometrically  by  drawing  the  parts  on  a  convenient  scale,— 
the  principle  of  all  parallel  motions  being  that  the  versed  «n* 
of  an  arc,  pointing  in  one  direction,  shall  be  compensated  by  Stt 
equal  versed  sine  of  an  arc  pointing  in  the  opposite  direction;  and 
the  effect  of  these  opposite  motions  is  to  produce  a  straight  Bn«' 
In  the  case  of  the  parallel  motions  sometimes  employed  in  side- 
lever  engines,  and  in  which  the  attachment  is  made  not  to  th0 
cross-head  but  to  the  side-rod,  it  is  only  necessary  to  pro^de 
that  the  end  of  the  bar  connected  to  the  side-rod  shall  move, 
not  in  a  straight  line,  but  in  an  arc,  the  versed  sine  of  which  w 
equal  to  the  versed  sine  of  the  arc  described  by  the  point  of  «*• 
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tacfament  on  the  side-rod    As  the  bottom  of  the  side-rod  is  at- 
tached to  the  beam  and  the  top  to  the  cross-head,  and  as  the 
bottom  mores  in  an  arc  and  the  top  in  a  straight  line,  it  is  dear 
that  every  intermediate  point  of  the  side-rod  must  describe  an 
arc  which  will  more  and  more  approach  to  a  straight  line,  or 
have  a  smaller  and  smaller  yersed  sine,  the  nearer  such  point  is 
to  the  top  of  the  rod.    By  drawing  down  the  side-rod  at  the  end 
of  tiie  stroke,  and  also  at  half  stroke,  the  amonnt  of  deviation 
from  the  vertical  at  those  positions,  can  easily  be  determined  for 
SDj  point  in  the  length  of  the  rod ;  and  the  point  of  attachment 
of  the  parallel  bar  has  only  to  be  such,  and  the  length  and  travel 
of  the  radins  crank  has  also  to  be  snch,  that  the  end  of  the  paral- 
lel bar  attached  to  the  side-rod  shall  describe  an  arc  whose  versed 
dae  is  equal  to  the  deviation  from  the  perpendicular,  or,  in  other 
▼ordfi)  to  the  side-travel  of  that  point  of  the  side-rod  at  which 
the  attachment  is  made.    Since,  then,  the  side-rod  is  guided  at 
the  bottom  by  the  arc  of  the  beam,  and  near  the  top  by  that  less 
aro  described  by  the  end  of  the  parallel  bar,  which  answers  to 
tbe  supposition  of  the  cross-head  moving  in  a  vertical  line,  the 
resolt  is  that  the  cross-head  will  be  constrained  to  move  in  this 
Twtical  line ;  since  only  on  that  supposition  can  the  two  arcs 
already  fixed  be  described. 

The  method  of  balancing  the  momentum  of  the  moving  parts 
<4  marine  engines  which  I  introduced  in  1852  has  now  been 
Tery  generally  adopted ;  and  the  practice  is  foxmd  to  be  very 
^ABfol  in  reducing  the  tremor  and  uneasy  movements  to  which 
engines  working  at  a  high  rate  of  speed  are  otherwise  subject. 
Ifearly  all  the  engines  now  employed  for  driving  the  screw  pro- 
peller are  direct-acting  engines,  which  necessarily  work  at  a  high 
rate  of  speed  to  give  the  requisite  velocity  of  rotation  to  the 
flerew  shaft.  The  principle  on  which  the  balancing  is  effected  is 
that  of  applying  a  weight  to  the  crank  or  shaft,  and  when  the 
piston  and  its  connexions  move  in  one  direction  the  weight 
moves  in  the  opposite  with  an  equal  momentum. 


CHAPTER  IV. 


PROPORTIONS  OF  STEAM-ENGINES. 

We  now  come  to  the  question  how  we  are  to  detenn&ne  tilie  ^i 
proportions  of  steam-engines  of  every  class.  '  \ 

The  nominal  power  of  a  low  pressnre  engine  is  detenoixiid  . 
by  tiie  diameter  of  the  cylinder  and  length  of  the  stroke^  ••  J 
follows: —  \ 

a 

.  'J 

TO  DETEKMINE  THE  KOMTTirAL  POWEE  OF  A  LOW  PEESSDBB  EKGIHX.    ^ 

OF  watt's  CONSTBXJOTION. 

Bttle. — Multiply  the  square  of  the  diameter  of  the  cylinder  t» 
inches  'by  the  cube  root  of  the  stroJse  infeet^  and  divide  ^ 
.  product  by  4T.     The  quotient  is  the  nominal  horse-power  tf 
the  engine. 

Example  1. — ^What  is  the  nominal  power  of  a  low  jHreaaw 
engine  with  a  cylinder  64  inches  diameter  and  8-feet  stroke? 

Here  64  x  64  =4,096,  which  multiplied  by  2,  the  cube  wot 
of  8  =  8,192  and  -J-  47  =  174-3. 

The  nominal  powers  of  engines  of  different  sizes,  both 
high  pressure  and  low  pressure,  are  given  in  the  fdlowiD0 
tables : — 
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J^jBomple  2. — ^What  is  the  nominal  power  of  a  low  pressure 
engine  of  40  inches  diameter  of  cylinder  and  6-feet  stroke. 

Here  40  x  40  =  1,600,  which  mnltiplied  by  1-71— which  is 
the  cube  root  of  5  very  nearly — ^we  get  2,786,  which  divided  by 
4T  gives  68*21  as  the  nominal  horse  power. 

The  actual  horse  power  of  an  engine  is  determinable  by  the 
^>plioation  of  an  instmment  to  determine  the  amount  of  power 
if  actaally  exerts.    The  mode  of  determining  this  will  be  ex- 
plained hereafter.   Meanwhile  it  may  be  repeated  that  an  actual 
horse  power  is  a  dynamical  unit  capable  of  raising  a  load  of 
88,000  lbs.  one  foot  high  in  each  minute  of  time.    The  nominal 
power  of  a  high  pressure  engine  may  be  taken  at  three  times 
tikat  of  a  low  pressure  enguie  of  the  same  size. 
-    The  assumed  pressure  in  computing  the  nominal  power  of 
knr  pressure  engines  is  7  lbs.  on  each  square  inch  of  the  piston, 
nifd  tiie  assumed  pressure  in  computing  the  nominal  power  of 
\Afjti  pressure  engines  is  21  lbs.  on  each  square  inch  of  the  piston. 
ThA  aasamed  speed  of  the  piston  varies  with  the  length  of  stroke 
from  160  to  256  feet  per  minute,  namely,  for  a  2  ft.  stroke, 
160  ft ;  2ift,  170 ;  8  ft.,  180 ;  4  ft.,  200 ;  6  ft.,  215 ;  6  ft.,  228; 
T  it,  245 ;  and  8  ft,  256  feet  per  minute. 

In  point  of  fact,  in  all  modem  low  pressure  engines  the  un- 
klanoed  pressure  of  steam  upon  the  piston  is  much  more  than 
tlbflp,  and  in  most  modem  high  pressure  engines  the  unbalanced 
pressure  of  steam  upon  the  piston  is  much  more  than  21  lbs.  The 
ipeed  of  the  piston  is  also  frequently  much  more  than  256  feet 
per  minute.  In  the  case  of  screw  engines  the  Admiralty  employs 
a  role  to  determine  the  power,  in  which  the  old  assumed  pressure 
of  7  lbs.  per  square  inch  is  retained,  but  in  which  the  actual  speed 
of  piston  is  token  into  account.    This  rule  is  as  follows : — 

AmtTRhrrrr  BULE  FOB  DETEBMINING  THS  NOMINAL  POWSB  07  AN 

BNQINB. 

UvLtL-^Multiply  the  square  of  the  diameter  of  the  cylinder  in 
inahes  "by  the  speed  of  the  piston  in  feet  per  minute^  and 
divide  hy  6.000.     The  quotient  is  the  nominal  power. 

Example. — What  is  the  power  of  an  engine  with  a  cylinder 
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of  43  iacbes  diameter,  and  3}  feet  atr^ike,  and  which  makes  85 
revolutiona  per  minute  ? 

Here  42  x  42  =  1,784.  The  length  of  a  double  stroke  will 
be  3i  X  2  =  7  feet,  and  as  there  ore  85  reTolntions  or  double 
Btrokea  per  minute,  85  x  T  ^  6SS  will  be  the  epeed  of  the  piston 
in  feet  per  minute.  Now  l,7fl4  x  585  =  1,049,580,  which,  di- 
vided by  0,000  =  175  horses  power. 

The  area  of  the  piston  in  circular  inches,  it  will  be  recollect- 
ed, is  found  bj  nialtiplying  the  diameter  by  itself.  Thca  a  pia- 
tou 50 inches  diameter  contains  50x50,  orS,SOO  circolar  inchae. 
How  as  every  circular  inch  is  -7864  of  a  square  inch,  we  mtut) 
in.  order  to  find  the  area  of  tlie  piaton  in  square  inches,  mnltiplj 
the  diameter  by  itself  and  by  '7S54,  which  will  give  the  areain 
sqnare  inches.  Thos,  2,500  x  '7854  =  1,963'5  square  inches, 
which  is  the  area  in  square  inchea  of  a  piston  50  inches  to  diam- 
eter. The  oircnmfereuce  of  any  circle  ia  obtained  by  multiply- 
ing the  diameter  by  3*1416.  Hence  the  length  of  a  string  or 
tape  that  will  be  required  to  encircle  a  piston  60  inches  in  diain- 
eter  will  be  50  x  3-1416  =  157-08  inches.  The  areas  of  pnmpi, 
pipes,  safety- tbItos,  and  all  other  circularobjects,  is  corapntediii 
the  same  way  as  the  areas  of  circles  or  pistous,  Some  valves 
are  annular  valves,  consisting  not  of  a  flat  circular  plote,  bat  of 
a  ring  or  annulus  of  a  certain  breadth.  To  compute  the  aiea 
of  such  a  valve  we  must  first  compute  the  area  of  the  ooter 
circle,  and  then  the  area  of  the  inner,  and  subtract  the  less  from 
the  greater,  which  will  give  the  area  of  the  annulus.  So  ia  like 
manner,  in  trunk  engines,  we  must  suhti-act  the  area  of  the 
trunk  from  the  area  of  the  piston. 

GENEEAL  CONSIDERATIONS  AKD  INSTHUCTIONS. 

In  proceeding  to  design  an  engine  for  any  given  purpose, 
the  nominal  power  may  either  he  fiied  or  the  nominal  power 
may  be  left  indeterminate,  and  only  the  work  he  fixed  vhiok 
the  engine  has  to  perform.  In  the  first  case  we  have  only  to 
asoertun  by  the  foregoing  rules  or  tables  what  the  diinenuaiu< 
of  a  cylinder  are  which  correspond  to  the  nominal  povet, 
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and  we  have  then  to  make  all  the  other  parts  of  dimensions 
eorresponding  thereto,  which  we  shall  be  enabled  to  do  by  the 
roles  here  laid  down.    Of  course  the  engineer  settles  for  himself 
some  particnlar  type  of  engine  which  he  prefers  to  adopt  as  the 
one  that  is  to  govern  Ids  practice,  arid  any  drawing  of  an  engine 
tf  a  gvMn  sise  or  power  is  applicable  to  the  construction  of  a 
thnilar  engine  ofam/y  other  size  or  power  Jyy  merely  altering  the 
wlU  of  the  draming.    Jt,  therefore,  any  en^eer  decides  npon 
the  dass  of  land  engine,  paddle  engine,  or  screw  engine  which 
lie  prefers  to  constract,  and  chooses  to  get  a  set  of  drawings  of 
rooh  engine  on  any  g^ven  scale  lithographed,  such  drawings  will 
be  applicable  to  all  sizes  and  powers  of  that  class  of  engine  by 
iitering  the  scale  in  the  proportion  rendered  necessary  by  the 
enlarged  or  diminished  diameter  of  the  cylinder  answerable  to 
fte  required  power.    Thus,  if  we  have  a  drawing  of  a  marine 
engine  of  82  inches  diameter  of  cylinder  and  4-feet  stroke,  made 
to  the  scale  of  i-inch  to  the  foot,  we  may  from  such  drawing 
ocAistruct  a  similar  engine  of  64  inches  diameter  and  8-feet 
stroke  by  merely  altering  the  scale  to  one  of  J-inch  to  the  foot, 
80  that  every  part  will  in  fact  measure  twice  what  it  measured 
before.    In  order  to  make  the  same  drawing  applicable  to  any 
size  of  engine,  whether  large  or  small,  we  have  only  to  divide 
the  diameter  of  the  cylinder  into  the  number  of  parts  that  the 
cj^der  is  to  have  of  inches,  and  then  we  may  use  the  scale  so 
Ibrmed  for  the  scale  of  the  drawing.    Thus,  if  we  wish  the 
engine  to  have  a  cylinder  of  80  inches  diameter,  we  must  divide 
the  diameter  of  the  cylinder  as  shown  in  the  drawing  into  80 
equal  parts,  each  of  which  will  represent  an  inch,  and  of  course  any 
twelve  of  them  will  represent  a  foot.    If  we  now  measure  any 
other  part  of  the  engine,  such  as  the  diameter  of  the  air  pump, 
diameter  of  crank  shaft,  or  any  other  part  by  this  scale,  we  shall 
find  the  proper  dimensions  of  the  part  in  question,    If  we  wish 
to  construct  from  the  drawing  an  engine  of  60  or  100  inches, 
and  of  corresponding  stroke,  we  have  only  to  divide  the  diam- 
eter of  the  cylinder  into  60  or  100  equal  parts,  and  use  each  of 
those  parts  as  an  inch  of  the  scale,  when  the  proper  dimensions 
of  all  the  parts  will  be  at  once  obtained. 
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It  will  be  needleis  to  guard  these  remarks  against  the  obrfodl 
exception  that  in  case  of  very  large  and  very  small  en^^ee  It 
will  be  proper  to  make  sach  slight  modifications  in  some  of  the 
details  as  will  condace  to  greater  convenience  in  working  or  in 
constraction.    For  instance,  as  the  height  and  strength  of  a  man 
are  a  given  quantity,  it  will  obviously  not  be  proper  in  donbling 
the  size  of  all  the  other  parts  to  doable  the  height  of  the  staidng 
handles,  or  even  to  donble  their  strength.    In  the  case  of  oscil* 
lating  engines,  again,  with  a  crank  in  the  intermediate  eihafi^  it 
may  be  difficult  to  get  a  sound  crank  made  in  the  case  of  rerj 
large  engines,  and  some  other  expedient  may  have  to  be  adopted* 
Again,  in  the  case  of  very  small  engines,  the  flanges  and  boUi 
may  require  to  be  a  little  larger  than  the  proportion  derived 
from  a  drawing  of  large  engines,  and  the  valve  chests  of  the 
feed  pumps  and  other  parts  may  be  too  small  if  made  strictly  to 
scale  to  get  the  hand  into  conveniently  to  dear  them  out    AH 
such  points  however  are  matters  of  practical  convenience,  onljr 
to  be  determined  by  the  thoughtfulness  and  experience  of  the 
engineer,  and  in  nowise  affect  the  main  conclusion  that  a  draw- 
ing of  an  engine  of  any  one  size  will  suffice  for  the  construction 
of  engines  of  other  sizes  by  merely  changing  the  scale.    It  will 
consequently  save  much  trouble  in  drawing  offices  to  have  one 
certain  type  of  engine  of  each  kind  lithographed  in  all  its  detail 
and  then  engines  of  all  sizes  may  be  made  therefrom  by  adding 
the  proper  scale,  and  by  marking  upon  the  drawing  the  proper 
dimensions  of  each  part  in  feet  or  inches — ^the  measurements 
being  taken  from  a  table  fixed  once  for  all,  either  by  computation 
or  by  careful  measurement  of  the  drawing  with  the  diflBsrent 
suitable  scales.    By  thus  systematising  the  work  of  the  drawing 
office,  labom*  may  be  saved  and  mistakes  prevented. 

It  easy  to  understand  the  principle  on  which  the  main  parts 
of  an  engine  must  be  proportioned.  We  must  in  the  first  plnoo 
have  the  requisite  quantity  of  boiler  surface  to  generate  the 
steam,  the  requisite  quantity  of  water  sent  into  the  boiler  to 
keep  up  the  proper  supply,  and  the  requisite  quantity  of  cold 
water  to  condense  the  steam  after  it  has  given  motion  to  the 
piston.    In  common  boilers  about  10  square  feet  of  heating 
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.flor&oe  will  boil  off  a  oobio  foot  of  water  in  the  hoar,  and  this 
in  the  older  class  of  engines  was  considered  the  equivalent  of  a 
horse  power.    At  the  atmospheric  pressure,  or  with  no  load  on 
.the  safety  valve,  a  cubic  inch  of  water  makes  aboat  a  cubic  foot 
of  steam ;  and  at  twice  the  atmospheric  pressure,  or  with  16  lbs. 
per  square  inch  on  the  safety  valve,  a  cubic  inch  of  water  will 
make  about  half  a  cubic  foot  of  steam.    For  every  half  cubic 
loot  of  such  steam  therefore  abstracted  from  the  boiler  there 
must  be  a. cubic  inch  of  water  forced  into  it.    So  if  we  take  the 
litent  heat  of  steam  in  round  numbers  at  1,000  degrees,  and  if 
Ae  condensing  water  enters  at  60°,  and  escapes  at  100°,  the 
ooDdensing  water  has  obviously  received  40  degrees  of  heat,  and 
it  has  received  this  from  the  steam  having  1,000°  of  heat,  and 
the  112°  which  the  steam  if  condensed  into  boiling  water  would 
exoaed  the  waste-water  in  temperature.    It  follows  that  in  order 
to  reduce  the  heat  of  the  steam  to  100°  there  must  be  1,112°  of 
listt  extracted,  and  if  the  condensing  water  was  only  to  be 
heated  1  degree,  there  would  require  to  be  1,112  times  the 
^UDtity  of  condensing  water  that  there  is  water  in  the  steam. 
^06,  however,  the  water  is  to  be  heated  40°,  there  will  only 
ve^oire  to  be  one-fortieth  of  this,  or  about  ^th  the  quantity  of 
kyeotion  water  that  there  is  water  in  the  steam.    These  rough 
detnmmations  will  enable  the  principle  to  be  understood  on 
which  such  proportions  are  determined.    The  proportions  of  the 
oondenser  and  of  the  air-pump  were  determined  by  Mr.  "Watt 
*t  one-eighth  of  the  capacity  of  the  cylinder.    In  more  modern 
^Qgines,  and  especially  in  marine  engines  where  there  are  irregu- 
Wities  of  motion,  the  air-pump  is  generally  made  a  little  larger 
than  this  proportion,  and  with  advantage.    The  condenser  is 
8^80  generally  made  larger,  and  many  engineers  appear  to  con- 
sider that  the  larger  the  condenser  is  the  better.    Mr.  Watt, 
however,  found  that  when  the  condenser  was  made  larger  than 

r 

one-eighth  of  the  capacity  of  the  engine  the  efficiency  of  the 
engine  was  diminished.    The  fly-wheel  employed  in  land  engines 
to  control  the  irregulai'ities  of  motion  that  would  otherwise 
exist,  is  constructed  on  the  principle  that  there  shall  be  a  revolv- 
ing mass  of  such  weight,  and  moving  with  such  a  velocity,  as  to 
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constitate  an  adequate  reservoir  of  power  to  redress  irrega 
ties.  It  is  found  that  in  those  cases  where  the  most  eqii 
motion  is  required,  it  is  proper  to  have  as  mnch  power  treaff 
np  in  the  flj-wheel  as  is  generated  in  6  half-strokes,  thong 
many  oases  the  proportion  is  not  more  than  half  this.  It  is  c 
easy  to  tell  what  the  weight  and  velocity  of  the  fly-wheel  i 
he  to  possess  this  power.  "When  we  know  the  area  of  the  pi 
and  the  nnhalanced  pressure  per  sq.  inch,  we  easily  find 
pressure  urging  it,  and  this  pressure  multiplied  by  the  lengt 
6  half-strokes  represents  the  amoxmt  of  power  which,  in 
most  equable  engines,  the  fly-wheel  must  possess.  Thus,  sup 
that  the  pressure  on  the  piston  were  a  ton,  and  that  the  le 
of  the  cylinder  were  5  feet,  then  in  6  half-strokes  the  s 
described  by  tlie  piston  would  be  80  feet.  The  measure  of 
power  therefore  is  1  ton  descending  through  80  feet,  and  if  t 
were  any  circumstance  which  limited  the  weight  of  the 
wheel  to  1  ton,  then  the  velocity  of  the  rim — or  more  corr< 
of  the  centre  of  gyration — ^must  be  equal  to  that  which 
heavy  body  would  have  at  the  end  of  the  descent  by  falling  1 
a  height  of  80  feet,  and  which  velocity  may  easily  be  determ 
by  the  rule  already  given  for  ascertaining  the  velocity  of  fa 
bodies.  If  the  weight  of  the  fly-wheel  can  be  2  tons,  then 
velocity  of  the  rim  need  only  be  equal  to  that  of  a  body  fii 
through  15  feet,  and  so  in  all  other  proportions,  so  that 
weight  and  velocity  can  easily  be  so  adjusted  as  to  repre 
most  conveniently  the  prescribed  store  of  power. 

With  these  preliminary  remarks  it  will  now  be  prope 
proceed  to  recapitulate  the  rules  for  proportioning  all  the  p 
of  steam  engines  illustrated  by  examples : — 

STEAM  PORTS. 

The  area  of  steam  port  commonly  given  in  the  best  eng 
working  at  a  moderate  speed  is  about  1  square  inch  per  nom 
horse-power,  or  ^th  of  the  area  of  the  cylinder,  and  the  arei 
the  steam  pipe  leading  into  the  cylinder  is  less  than  this,  or 
square  inch  per  nominal  horse  power.    Since  however  eng 
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are  sow  woriced  at  variotis  rates  of  speed  it  will  be  proper  to 
adopt  a  role  in  which  the  speed  of  the  piston  is  made  an  element 
of  the  oompntation.  This  is  done  in  the  mles  which  follow  both 
tx  the  steam  port  and  branch  steam  pipe. 

TO  RND  THE  FBOPEB  ABEA  OF  THE  STEAM  OB  EDUCTION  POET 

OF  THE  OYUNDEB. 

Bulk, — Mvltiply  the  square  of  the  diameter  of  the  cylinder  in 
inehes  ty  the  speed  of  the  piston  in  feet  per  minute  and  Jyy 
the  decimal  *032,  and  divide  the  product  ly  140.  Hie  quo- 
Umt  is  the  proper  a/tea  of  the  cylinder  port  in  squa/re  inches, 

Btample,—'Wh2X  is  the  proper  area  of  each  cylinder  port  in 
an  engine  with  64-inch  cylinder,  and  with  the  piston  travelling 
280  fbet  per  minnte  ? 

Here  64  x  64  =  4,096,  which  multiplied  by  220  =  901,120, 
and  this  multiplied  by  '032  =  28,885-8,  which  divided  by  140,  gives 
806  inches  as  the  area  of  each  cylinder  port  in  square  ioches. 

This  is  a  somewhat  larger  proportion  than  is  ^ven  in  some 
endlent  engmes  in  practice.  Bnt  inasmuch  as  the  application 
of  lap  to  the  valve  virtually  contracts  the  area  of  the  cylinder 
ports,  and  as  the  application  of  such  lap  is  now  a  common  prac- 
tioe^  it  is  desirable  that  the  area  of  the  ports  should  be  on  the 
large  aide.  In  the  engines  of  the  *  Clyde,'  *  Tweed,'  *  Tay,'  and 
'Teyiot,'  by  Messrs.  Oaird  and  Co.,  the  diameter  of  the  cylinder 
▼as  74|  inches,  and  the  length  of  the  stroke  7i  feet,  so  that  the 
nominal  power  of  each  engine  was  about  234  horses.  The  cyl- 
Wer  ports  were  83}  inches  long  and  6i  inches  broad,  so  that 
the  area  of  each  port  was  224*4  square  inches,  being  somewhat 
less  than  the  proportion  of  1  square  inch  per  nominal  horse 
power,  but  somewhat  more  than  the  proportion  of  T^th  of  the 
*rea  of  the  cylinder.  As  the  areas  of  circles  are  in  the  propor- 
tion of  the  square  roots  of  their  respective  diameters,  the  area 
of  a  circle  of  one-fifth  of  the  diameter  of  the  piston  will  have 
oiie-twenty-fifth  of  the  area  of  the  piston.  One-fifth  of  74|ths 
i>  15  nearly,  and  the  area  of  a  circle  15  inches  in  diameter  is 
1^6*7  square  inches,  which  is  considerably  less  than  the  actual 
10 


218  FBOPOGBTI0N8  OF  SXEAH-SNOQIBB. . 

area  of  the  port  Bj  the  role  we  have  giyen  the  area  of  Ihi 
ports  of  this  en^e  would,  at  a  speed  of  820  feet  per  miaiite^  1m 
ahout  277  square  inches,  which  is  somewhat  greater  thao.  Hbn 
aotnal  dimensions.  At  a  speed  of  the  piston  of  440  feet  pa 
minute  the  area  of  the  port  would  he  double  the  foregoing. 

STEAM  PIPE. 

In  the  engines  already  ref^red  to,  the  internal  diameter  d 
each  steam  pipe  leading  to  the  cylinder  is  18f  inches,  whloi 
^Y6s  an  area  of  145-8  square  inches.  It  is  not  desirable  to  make 
the  steam  pipe  larger  than  is  absolutely  necessary,  as  an  increased 
external  surface  causes  increased  loss  of  heat  from  radiation. 
The  following  rule  will  give  the  proper  area  of  the  steam  p^ 
for  all  speeds  of  piston: — 

TO  FIND  THE  ABBA  OF  THE  BTBAM  PIPE  LBADUm  TO  EAOH 

OYIINDSB. 

Bulb. — Multiply  the  equare^^fthe  diameUrof  1M  eyUnder'k 
tnehea  by  the  speed  of  the  piston  in  feet  per  minute  and  hy  Uie 
decimal  *02,  and  divide  the  product  by  170.  The  quotimiPit 
the  proper  area  of  the  steam  pipe  leading  to  the  eyUnderi» 
inches. 

Example. — ^What  is  the  proper  area  of  the  branch  steain  p^ 
leading  to  each  cylinder  in  an  engine  with  a  cylinder  74}  inolMi 
diameter,  and  with  the  piston  moving  at  a  speed  of  220  feet  per 
minute? 

Here  74-6  x  74-6  =  6,550-25,  which  multiplied  by  220  = 
1,221,065.  and  this  multiplied  by  -02  =  24,421*1,  which  dirlW 
by  170  =  144  square  inches  nearly.  The  diameter  of  a  oirde  rf 
144  square  inches  area  is  a  little  over  \Z^  inches,  so  that  IH 
inches  would  be  the  proper  internal  diameter  of  each  bnoiifc 
steam  pipe  in  such  an  engine.  The  main  steam  pipe  6BI- 
ployed  in  steamers  usually  transmits  the  steam  for  both  ti^ 
engines  to  the  end  of  the  engine-house,  where  it  divides  into 
two  branches — one  extending  to  each  cylinder.  The  main  stea* 
pipe  will  require  to  have  nearly,  but  not  quite,  double  ^ 
area  of  each  of  the  branch  steam  pipes.    It  would  require  to 


raOSVR  ABEA  OF  SAFBTT  TALYBS.  219 

kive  eufoQ^  doable  the  area,  onlj  that  the  fHction  in  a  large 
]Hp6  is  relatiyelj  less  than  in  a  small ;  and  as,  moreover,  the 
ttigines  work  at  right  angles,  so  that  one  piston  is  at  the  end  of 
its  stroke  when  the  other  is  at  the  beginning,  and  therefore 
moving  slowlj,  it  will  follow  that  when  one  engine  is  making 
the  greatest  demand  for  steam  the  other  is  making  very  little, 
80  that  the  area  of  the  main  steam  pipe  will  not  require  to  be  as 
ktge  as  if  the  two  engines  were  making  their  greatest  demand 
at  the  same  time. 

SAFETY  VALVE& 

It  is  easy  to  determine  what  the  size  of  an  orifice  should  be 
fai  a  boiler  to  allow  any  volnme  of  steam  to  escape  through  it  in 
a  given  time.  For  if  we  take  the  pressure  of  the  atmosphere  at 
15  lbs,,  and  if  the  pressure  of  the  steam  in  the  boiler  be  10  lbs. 
iDore  than  this,  then  the  velocity  with  which  the  steam  will  flow 
out  will  be  equal  to  that  which  a  heavy  body  would  acquire  in 
Ming  from  the  top  of  a  column  of  the  denser  fluid  that  is  high 
ttoagb  to  produce  the  greater  pressure  to  the  top  of  a  column 
of  the  same  fluid  high  enough  to  produce  the  less  pressure,  and 
tUi  velocity  can  easily  be  ascertained  by  a  reference  to  the  law 
(tf  filling  bodies.  In  practice,  however,  the  area  of  safety  valves 
ii  made  larger  than  what  answers  to  this  theoretical  deduction, 
partily  in  consequence  of  the  liability  of  the  valves  to  stick  roxmd 
the  rim,  and  because  the  rim  or  circumference  becomes  relatively 
less  in  the  case  of  large  valves.  One  approximate  rule  for  safety 
Yalves  is  to  allow  one  square  inch  of  area  for  each  inch  in  the  di- 
ttofiter  of  the  cylinder,  so  that  an  engine  with  a  64-inch  cylinder 
voald  require  a  safety  valve  on  the  boiler  of  64  square  inches 
vea,  which  answers  to  a  diameter  of  about  9  inches.  The  rule 
dioold  also  have  reference,  however,  to  the  velocity  of  the  piston, 
a&d  this  condition  is  observed  in  the  following  rule: — 

TO  FIND  THE  PEOPKB  DIAMETKB  OF  A  SAFETY  VALVE  THAT  WILL 
LET  OFF  ALL  THE  STEAM  FBOM  A  LOW  PBESSUEE  BOILEE. 

Uvui^^Multipli/  the  squa/re  of  the  diameter  of  the  cylinder  in 
iMihes  hp  the  speed  of  the  piston  in  feet  per  minute^  and 
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divide  the  prodtuit  hp  14,000.     T7ie  quotient  is  the  propm 
a/rea  of  the  safety  valve  in  squa/re  inches. 

Example, — What  is  tlie  proper  diameter  of  the  safety  valT< 
of  a  boiler  that  supplies  an  en^e  with  steam,  haying  a  64-ino!] 
cylinder,  and  with  the  piston  travelling  220  feet  per  minute? 

Here  64  x  64  =  4,096,  which  multiplied  by  220  =  901,120, 
and  this  divided  by  14,000  =  64*8,  which  is  the  proper  area  of 
the  safety  valve  in  square  inches. 

ANOTHBB  BTTLE  FOE  SAFBTT  VALVBS. 

Multiply  the  nominal  horse  power  of  the  engine  lyy  '875,  and  to 
the  product  add  16'875.  The  sum  is  the  proper  a/rea  of  the 
safety  valve  in  squa/re  inches^  when  the  toiler  is  low  pressure. 

Example, — ^What  is  the  proper  diameter  of  the  safety  valve 
for  a  low  pressure  en^e  the  nominal  power  of  which  is  140 
horses? 

Here  140  x  '875  =  52 '6,  adding  to  which  the  constant  num- 
ber 16*875,  we  get  69'375,  which  is  the  proper  area  of  the  safety 
valve  in  square  inches  for  a  low  pressure  engine. 

A  60-inch  cylinder  and  6-feet  stroke  is  equal  to  140  nominal 
horses  power,  so  that  this  rule  gives  somewhat  more  than  ft 
square  inch  of  area  in  the  valve  for  each  inch  of  diameter  in  the 
cylinder  in  that  particular  size  of  engine. 

The  opening  through  the  safety  valve  must  be  understood  to 
be  the  effective  opening  clear  of  bridges  or  other  obstacles,  and 
the  area  to  be  computed  is  the  area  of  the  smallest  diameter  of 
the  valve.  Most  safety  valves  are  made  with  a  chamfered  edg®» 
which  edge  constitutes  the  steam  tight  surface,  and  the  eflfectiv^ 
area  is  what  corresponds  to  the  smaller  diameter  of  the  valv* 
and  not  to  the  lai'ger.  All  boilers  should  have  an  extra  or  a^' 
ditional  safety  valve  of  the  same  capacity  as  the  other,  whid 
may  act  in  case  of  accident  to  the  first  from  getting  jammed  o^ 
otherwise.  The  dimensions  of  safety  valve  here  computed  ^ 
that  adequate  for  letting  off  all  the  steam.  But  in  some  cas^ 
the  whole  steam  is  not  supplied  from  one  boiler,  and  a  safe^ 
valve  in  such  case  must  be  put  on  each  boiler,  but  of  a  less  are^ 


fr 
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in  ]»xiportion  to  the  smaller  yolnme  of  steam  it  has  to  let  off. 
If  there  are  two  boilers,  the  safety  yaly e  on  each  will  be  half 
the  area  of  the  foregoing ;  if  three  boilers,  one-third  of  the  area ; 
if  hat  boflers,  one-fourth  of  the  area;  and  so  of  all  other  pro- 
portions. The  area  of  the  waste  steam  pipe  should  be  the  same 
88  that  of  the  safety  yalve. 

TO  FIND  THE  PBOPEB  DIAMETER  OF  THE  FEED  PIPK 

Bulb. — Multiply  the  nominal  TiorM  power  of  the  engine  as  com- 
puted lyy  the  Admi/ralty  rule  lyy  *04,  to  the  product  add  8 ; 
extranet  the  square  root  of  the  svm.  The  result  is  the  diam- 
eter of  the  feed  pipe  in  inches. 

JBgample  1. — ^What  is  the  proper  diameter  of  the  feed  pipe  in 
inches  of  an  engine  whose  nominal  horse  power  is  140  ? 

140  =  nominal  horse  power  of  en^e 
*04  =  constant  multiplier 


6-6 

3    =  constant  to  be  added 


8-6 


and  V8'6  =  2*93  diameter  of  feed  pipe  in  inches. 


Example  2. — ^What  is  the  proper  diameter  of  the  feed  pipe 

in  inches  in  the  case  of  an  en^e  whose  nominal  horse  power 

is  885? 

386  =  nominal  horse  power  of  engine 

*04  =  constant  multiplier 

16-4 
3    constant  to  be  added 


18-4 


and  4/18*4  =  4*29  diameter  of  feed  pipe  in  inches. 


222  PBOFOBTIOKS  OF  STBAH-XNGISXS. 

TO  UNI)  THE  PROPER  DIMENSIOKS  OF  THE  AIR  PUMP  JOO) 

GOITDENSER.  i 

In  land  engines  the  diameter  of  the  lur  pnmp  is  made  half 
that  of  the  cylinder,  and  the  length  of  stroke  half  that  ol  ft» 
cylinder,  so  that  the  capacity  is  -(th  that  of  the  cylinder ;  and 
the  condenser  is  made  of  the  same  capacity.  But  in  marine  en- 
gines the  diameter  of  the  air  pnmp  is  made  *6  of  the  diameter 
of  the  cylinder,  and  the  length  of  the  stroke  is  made  frcnn  '67  to 
*6  times  the  stroke  of  the  cylinder,  and  the  condenser  is  made 
at  least  as  large.  In  some  cases  the  air  pnmp  is  now  made  don- 
hle-acting,  in  which  case  its  capacity  need  only  he  half  as  great 
as  when  made  single-acting. 

TO  FIND  THE  PROPER  AREA  OP  THE  INJECTION  PIPE. 

BuLE. — Multiply  tTie  nominal  horsepower  of  the  engin>e^  as  com- 
puted "by  the  Admiralty  rule^  "by  0*69,  and  to  the  product 
add  2*81.  The  sum  is  the  proper  a/rea  of  the  injection  pips 
in  square  inches. 

Example  1. — ^What  is  the  proper  area  of  the  iiy  ection  pipe  in 
square  inches  of  an  engine  whose  nominal  horse  power  is  140? 

140  =  nominal  horse  power  of  en^e 
•069  =  constant  multiplier 

9-66 

2*81  =  constant  to  he  added 


Answer  12*47  =  area  of  ii]jection  pipe  in  square  inches. 

Example  2. — ^What  is  the  proper  area  of  the  iiy  ection  pipe  in 
square  inches  of  an  engine  whose  nominal  horse  power  is  885? 

885  =  nominal  horse  power  of  engine 
•069  =  constant  multiplier 

2656 
2*81  =  constant  to  he  added 


Answer  29 -SY  =  area  of  iigection  pipe  in  square  inches. 
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The  116*  of  the  iigeotion  odfioe  is  nsaally  made  about  l-25011i 
put  of  tbe  area  of  the  piston,  whioli,  in  an  engine  of  885  horse 
pover,  would  be  abont  27*7  inches  of  area.  For  warm  dimates 
Ae  area  should  be  increased. 

TO  FIND  THE  PROPER  AREA  OF  THE  FOOT  YALYE  PASSAGE. 

Ujns.-^MuUiplff  the  nominal  hone  power  of  the  engine  Jyy  9, 
ikAde  the  produot  hy  5,  €tdd  6  to  the  quotient.  The  wm  it 
the  proper  area  of  foot  vahe  passage  in  square  inches. 

Example  L — ^What  is  the  proper  area  of  the  foot  valve  pas- 
sage in  square  inches  of  an  engine  whose  nominal  horse  power 
18140? 

HO  =  nominal  horse  power  of  engine 
9  =  constant  multiplier 

eoQstant  divisor  5)1260 

262 
8  =  constant  to  be  added 


Answer      260  =  area  of  foot  valve  passage  in  square  inches. 


Bxample  2. — What  is  the  area  of  foot  valve  passage  in  square 
inches  of  an  engine  whose  nominal  horse  power  is  385  ? 

386  =  nominal  horse  power  of  engine 
9  =  constant  multiplier 


(Constant  ctivisor  6)8465 


693 
8  =  constant  to  be  added 


Answer      701  =  area  of  foot  valve  passage  in  square  inches. 


'Hie  discharge  valve  passage  is  made  of  the  same  size  as  the 
loot  valve  passage. 

A  common  role  for  the  area  of  the  foot  and  discharge  valve 
passages  is  one-fonrth  of  the  area  of  the  air  pnmp,  and  the  waste 
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water  pipe  is  made  one-fourtb  of  the  diameter  of  the  cylinder, 
wHch  gives  a  uimewhat  leas  area  than  that  throngb  the  foot  and 
discharge  valve  pasaages.  Such  roles,  however,  are  only  appli- 
oalilo  to  slow-going  ecgises.  In  rapid-working  ooginee,  EUch 
those  emjilojed  for  driving  the  screw  propellor  by  direct  acljon, 
and  in  which  the  air-pump  ia  ofinolly  donhle  acting,  the 
throngh  the  foot  and  discharge  valves  shoald  he  equal  b 
area  of  the  air-pnmp,  and  the  waste  water  pipe  shoold  alao  have 
the  same  area.  In  all  cases,  therefore,  in  which  these  or  other 
rules  dependent  on  the  nominal  power  are  applied  to  iast-ginnft 
engines,  the  nominal  power  niu£t  be  compnted  by  the  Admiralty 
rnle,  in  which  the  speed  of  the  piston  is  taken  iuto  ocoonnt 

TO  FIND  THE  PBOPEB  DIAMETER  OF  THE  WASTE  WATBB 

PIPE. 
EuLE. — Multiply  the  square  root  of  the  nominal  Aone  power  (^ 
the  engine  hy  1'2,     The  product  w  the  diameter  qf  the  watt* 
water  pipe  in  hifihee. 

Example  1.— Wbat  w  tlie  diameter  of  the  waste  water  pipe, 
in  inches,  of  an  engine  whose  nonjinol  horse  power  is  140) 
140  =  nominal  horee  power  of  engine 
and  V140  =  11.8S 

1'3   =  constant  multiplier 

Answer   14'ie  ^  diameter  of  waste  water  pipe  in  inchea. 

BxampU  2. — ^Wbat  is  the  diameter  of  waste  water  pipe,  in 
inches,  of  an  en^ne  whose  nominal  horse  power  is  38S  ! 
386  =:  nominal  hocBe  power  of  engine 
and  ysSG  =  19-6a 

1-2   =  constant  multipli^ 

Answer   23'e4  =  diameter  of  waste  vtX.is  pipe  in  inches. 
OAPACnr  OF  THE  PEED  PUMP. 

The  rehttivo  volomes  of  steam  and  water  are  at  16  lbs.  on  t 
sqnare  inch,  or  the  atmospheric  presenre,  I,Q09  to  1  j  at  80  lbs.,  fx 
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15  lbs.  m  the  square  inch  above  the  atmospheric  pressure,  881  to 
1 ;  at  60]bs^  or  45  lbs.  above  the  atanospherio  presBore,  467  to  1 ; 
SBclat  120  lbs.,  or  105  lbs.  above  the  atnioq>beric  pressure,  249  to  1. 
In  everj  engme,  taking  into  aocoTint  the  risks  of  leakage  and 
priming  in  the  boiler,  the  feed  pmnp  should  be  capable  of  dis- 
chaiging  twice  the  quantity  of  water  that  is  consumed  in  the 
generation  of ,  steam ;  and  in  marine  boilers  it  is  necessary  to 
blow  out  as  mnch  of  the  sapersalted  water  as  the  quantity  that 
is  raised  into  steam,  in  order  to  keep  the  boiler  free  from  saline 
incrustations.    But  if  this  water  is  discharged  by  leakage  or 
piiming,  the  object  of  preventing  salting  is  equally  fulfilled^ 
Pnmps,  especially  if  worked  at  a  high  rate  of  speed,  do  not  fill 
themselves  with  water  at  each  stroke,  but  sometimes  only  half 
fiU  themselves,  and  sometimes  do  not  even  do  that.    Then  in 
steam  vessels,  one  pump  should  be  able  to  supply  both  engines 
with  steam,  and  the  pump  is  generally  only  single-acting,  while 
the  cylinder  is  double-acting.     If^  therefore,  we  wish  to  see 
what  size  of  pump  we  ought  to  supply  to  an  engine  in  which 
the  terminal  elasticity  of  steam  in  the  cylinder  is  equal  to  the 
atmospheric  pressure,  we  know  that  the  quantity  of  water  in 
the  steam  is  just  nAr?^^  ^^  ^®  volume  of  the  steam ;  but  as  we 
require  to  double  the  supply  to  make  up  for  waste,  the  volume 
of  water  supplied  wiU  on  this  ground  be  ^^ ;  and  as  the  pump 
may  only  half  fill  itself  every  stroke,  the  capacity  of  the  pump 
must  on  this  ground  be  i^^  of  the  volume  of  steam.    But  then 
the  pump  is  only  single-acting,  while  the  cylinder  is  double-act- 
ing, on  which  account  the  capacity  of  the  pump  must  be  doubled, 
in  order  that  it  may  in  a  half  stroke  discharge  the  water  re- 
quired to  produce  the  steam  consumed  in  a  whole  stroke.    This 
Would  make  the  capacity  of  the  pump  xAd  ^^  s^  ^^  ^^^  capa- 
city of  the  cylinder,  and  a  less  proportion  than  this  is  inadvisa- 
ole  in  the  case  of  marine  engines.    Even  with  this  proportion, 
one  feed  pump  would  not  supply  all  the  boilers,  as  it  ought  to 
J^e  able  to  do  in  case  of  accident  happening  to  the  other,  unless 
It  should  happen  that  the  pump  draws  itself  foil  of  water  at 
©ach  stroke  iostead  of  half  fidl,  as  it  will  nearly  do  if  the  mo- 
tion of  the  engine  is  slow  and  the  passages  leading  into  it  large. 


226  FBOFOBTIOKS  OF  8TBAM-ENGINS8. 

and  if  at  the  same  lime  the  yalyes  are  large  and  have  not  much 
Bft.  In  the  oase  of  engines  working  at  a  high  speed,  ^^  of  the 
capacity  of  the  cylinder  for  the  capacity  of  the  feed  pump  is 
scarcely  safficient,  especially  if  there  be  no  air  vessel  on  the 
snction  side  of  the  pomp,  which  in  such  pnmps  should  always 
be  introdnced.  In  the  engines  of  the  *  Clyde,'  'Tweed,'  *Tay,' 
and  '  Teviot,'  by  Messrs.  Oaird,  the  feed  pump  is  ^j^th  of  the 
capadty  of  the  cylinder.  In  steam  vessels  there  is  no  doubt 
always  the  resource  of  the  donkey  engine  to  make  up  for  any 
deficiency  in  the  feed.  But  it  is  much  better  to  have  the  main 
feed  pumps  of  the  engine  made  of  sufficient  mze  to  compensate 
for  all  the  usual  accidents  befalling  the  supply  of  feed  wateft 
Of  course,  the  supply  of  feed  water  required  will  vary  mate* 
rially  with  the  amount  of  expansion  with  which  the  steam  is 
worked,  and  also  with  the  amount  of  superheating ;  and  in  the 
old  flue  bailers  with  the  chimney  passing  up  through  the  steam 
chest,  there  was  always  a  considerable  degree  of  superheating^ 
A  rule  applicable  to  all  pressures  of  steam  and  to  moderate  rates 
of  expansion  is  as  follows : — 

TO  FIND  THE  PEOPEB  OAPAOITT  OF  THE  FEED  PUMP. 

BuLE. — Multiply  the  capacity  of  the  cylinder  in  cubic  inches  ly 
the  total  pressure  of  the  steam  in  the  toiler  on  each  squa/ri 
inch  {or  "by  the  load  on  each  square  inch  of  the  safety  'cakt 
plus  15  lbs,  on  each  squa/re  inch  for  the  pressure  of  the  air 
mosphere)^  and  divide  the  product  by  4,000.  The  quotieni 
is  the  proper  capacity  of  th^  feedpump  in  cubic  inches  w1u» 
the  pump  is  single-acting  and  the  engine  is  double-acting. 

If  the  pump  should  be  double-acting,  one-half  of  the  above 
capacity  will  suffice. 

Example  1. — ^What  is  the  proper  volume  of  the  working  part 
of  the  plunger  of  an  engine  with  a  74-inch  cylinder  and  7J-feet 
stroke,  the  steam  in  the  boiler  being  5  lbs.  per  square  inch  above 
the  atmospheric  pressure  ? 

The  area  in  square  inches  of  a  circle  74  inches  diameter  is 
4,300,  which,  multiplied  by  7i  feet  or  90  inches,  gives  887,000 
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Gobio  IndbeB  as  12ie  eiapaoity  of  the  o jlinder.  Now  if  fhe  steam 
in  the  boiler  be  5  lbs.  per  eqaare  inch  above  the  atmoaphere,  it 
win  hacre  a  total  preaaore  of  5  +  I69  or  20  Ibe.  per  square  inch. 
Multiplyiiig,  therefore,  887,000  by  20,  we  get  7,740,000,  which, 
dMded  by  4,000,  gives  1,935  as  the  proper  capacity  of  the  feed 
pninp  in  cubic  inches.  K  flow  the  stroke  of  the  pump  be  51 
inchea,  we  divide  1,985  by  51,  which  gives  us  88  inches  nearly 
18  the  proper  area  of  the  feed  pump  plunger.  This  area  oorre- 
flpcmda  to  a  diameter  of  7  inches,  which  is  a  better  proportion 
than  that  subsisting  in  the  engines  of  the  *■  Olyde,'  ^  Tweed,' 
*Tay,'  and  'Teviot,'  which,  with  a  74-inch  cylinder,  7i  feet 
stroke,  and  51  inches  stroke  of  pump,  had  the  feed  pump  plung- 
ers of  only  6  inches  diameter. 

JSaBomple  2. — ^What  is  the  proper  volume  of  the  working  part 
of  the  plunger  of  a  locomotive  feed  pump,  having  cylinders  of 
18  inches  diameter  and  2  feet  stroke,  working  with  a  pressure 
of  85  lbs.  pressure  above  the  atmosphere  ? 

The  area  of  a  circle  18  inches  diameter  is  254*5  square  inches, 
which,  multiplied  by  24  inches,  which  is  the  length  of  the 
stroke,  g^ves  6,108  cubic  inches  as  the  capacity  of  the  cylinder. 
If  the  steam  be  85  lbs.  above  the  atmosphere,  then  the  total  press- 
ure most  be  100  lbs.  per  square  inch,  and  6,108  x  100=610,800, 
which,  divided  by  4,000,  gives  152*7  as  the  capacity  of  the  feed 
pump  in  cubic  inches.  This  is  a  somewhat  larger  proportion  of 
feed  pump  than  is  usually  given  in  locomotive  engines.  In  the 
locomotive  *  Iron  Duke '  the  diameter  of  the  feed  pump  plunger 
is  2^  inches  and  the  stroke  24  inches.  But  152*7  divided  by  24 
inches  ^ves  an  area  of  6*36  square  inches,  which  answers  to  a 
diameter  of  plunger  of  2^  inches.  In  locomotives,  however,  as 
in  marine  engines,  the  feed  pumps  are  very  generally  made  too 
small,  so  that  the  proportion  given  in  the  rule  appears  prefera- 
ble to  that  commonly  adopted. 

COLD-WATER  PUMP. 

The  proper  dimensions  of  the  cold-water  pump  can  easily  be 
determined  by  a  reference  to  the  number  of  cubic  inches  of  wa- 
ter, at  a  ^ven  temperature,  that  are  required  to  condense  a 
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cnbio  inch  in  the  form  of  steam.  There  is  no  need,  however, 
of  going  through  the  details  of  the  process,  and  Ihe  proper  di- 
menaons  of  the  pmnp  will  be  found  by  the  following  mle : — 

TO  DETERMINE  THE  PSOPEB  DIMENSIONS  OF  THE  OOLD-WATEB 

PUMP.  • 

Btjle. — Multiply  the  square  of  the  diameter  of  the  cylinder  in 
inches  "by  the  length  of  the  stroTce  in  fee%  and,  divide  the 
product  by  4,400.  The  quotient  is  the  proper  capacity  qf 
the  coldr-water  pump  in  cvMc  feet. 

Example  1. — ^What  is  the  proper  capacity  of  the  cold-water 
pump  in  an  engine,  having  a  60-inch  cylinder  and  a  SJ-feet 
stroke  ? 

Here  60  x  60  =  3,600,  which  multiplied  by  ^  is  19,800,  and 
this  divided  by  4,400  is  4*5,  which  is  the  proper  capacity  of  the 
cold-water  pump  in  cubic  feet, 

Example  2. — ^What  is  the  proper  capacity  of  the  cold-water 
pump  in  the  case  of  an  engine,  with  a  2-feet  cylinder  and  8-feet 
stroke  ? 

Here  24  x  24  =  576,  and  this  multiplied  by  3  =  1,728,  which 
divided  by  4,400  =  '39  cubic  feet,  or  multiplying  '39  by  1,728, 
we  get  the  capacity  in  cubic  inches,  which  is  673*92.  This  is  a 
somewhat  larger  content  than  is  sometimes  given  in  practice. 
Maudslay's  16-horse  land  engine  has  a  24-inch  cylinder  and 
3-feet  stroke,  and  the  cold-water  pump  has  a  diameter  of  6} 
inches,  and  a  stroke  of  18  inches,  which  gives  a  capacity  of  h^ 
cubic  inches,  instead  of  673,  as  specified  above.  The  larger  di- 
mension is  the  one  to  be  preferred. 

FLY-WHEEL. 

Boulton  and  Watt's  rule  for  finding  the  sectional  area  of  the 
fly-wheel  rim  is  as  follows : — 

Ettle. — Multiply  ^fiOO  times  the  length  of  th^  stroJseinf^^ 
hy  the  square  of  th^  diameter  of  the  cylinder  in  inches^  a^ 
divide  the  product  hy  the  square  of  the  number  of  revolU' 
tions  per  minute,  multiplied  hy  the  cuhe  of  the  diameter  of 
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the  fly-wheel  in  feet.    The  resulting  nvmber  will  he  the 
proper  sectional  a/rea  of  thejly-wheel  rim  in  square  inches, 

Exa/m^le. — ^What  will  be  tbe  proper  sectional  area  of  tbe 
fly-wheel  rim  in  square  inches  in  tbe  case  of  an  engine,  with  a 
cylinder  24  inches  diameter  and  5  feet  stroke,  the  flj- wheel  be- 
ing 20  feet  diameter. 

Here  44,000  mnltiplied  by  5,  which  is  the  length  of  the 
stroke  in  feet,  is  220,000.  The  sqnare  of  the  diameter  of  the 
cylinder  in  inches  is  576,  and  220,000  x  576  =126,720,000.  The 
engine  will  make  abont  21  revolutions,  the  sqnare  of  which  is 
441,  and  the  cnbe  of  the  diameter  of  the  fly-wheel  in  feet  is 
8,000,  which  mnltiplied  by  441  is  3,528,000.  Finally  126,720,000 
divided  by  3,528,()00  is  35-8,  which  is  the  proper  area  in  sqnare 
inches  of  the  section  of  the  fly-wheel  rim. 

In  an  engine  constructed  by  Mr.  Oaird,  with  a  24-inch  cylin- 
der, 5-feet  stroke,  and  20-foot  fly-wheel,  the  width  of  the  rim 
was  10  inches,  and  the  thickness  3f  inches,  giving  a  sectional 
area  of  37*5  square  inches,  which  is  somewhat  larger  than  Boul- 
ton  and  Watt's  proportion. 

Suppose  that  we  take  the  sectional  area  in  round  numbers  at 

86  square  inches,  and  the  circumference  of  the  fly-wheel  or 

length  of  rim  if  opened  out  at  62  feet  or  744  inches,  then  there 

win  be  36  times  744,  or  26,784  cubic  inches  of  cast  iron  in  the 

An,  or  dividing  by  1,728,  we  shall  have  15*5  cubic  feet  of  cast 

iron.    But  a  cubic  foot  of  cast  iron  weighs  444  lbs.    Hence  15J^ 

cubic  feet  will  weigh  6,882  lbs.,  and  this  weight  revolves  with  a 

speed  of  21  times  62,  or  1,303  feet  per  minute,  or  21-7  feet  per 

second,  or  260*4  inches  per  second.    To  find  the  height  in 

Jiiclies  from  which  a  body  must  have  fallen,  to  acquire  any  given 

Velocity  in  inches  per  second,  we  square  the  velocity  in  inches, 

and  divide  the  square  by  772*84,  which  gives  the  height  in 

^cbes.    Now  the  square  of  260*4  is  67,808,  which  divided  by 

•  72*84  =  87  inches,  or  7i  feet,  so  that  the  energy  treasured  in 

^e  fly-wheel  is  equal  to  a  weight  of  6,882  lbs.  falling  through 

^ifeet,  or  to  a  weight  of  49,984*5  lbs.  falling  through  1  foot. 

^ow  the  area  of  the  cylinder  being  in  round  numbers  452 

^nare  inches,  the  total  pressure  upon  it,  if  we  allow  an  effec- 
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tiye  pressure  induding  steam  and  yacmiia  of  7  lbs.  per  aqrure 
ineh,  as  was  the  proportion  allowed  in  Watt's  engines,  will  be 
8,164  lbs.,  and  tbe  length  of  stroke  being  5  feet,  we.  shall  have 
8,164  lbs.  moved  through  5  feet,  or  5  times  this,  which  is  15,820 
lbs.  moved  through  1  foot  in  each  half  stroke  of  the  engine. 
Dividing  now  49,984'6  foot-pounds,  the  total  power  resident  in 
the  fly-wheel  at  its  mean  velocity,  by  168*20  foot-pounds,  whiftE 
is  the  power  developed  in  each  half  stroke  of  the  en^e,  we 
get  8*1  as  the  resulting  number,  which  shows  that  there  is  over 
three  times  the  power  resident  in  the  fly-wheel  that  is  devel- 
oped in  each  half  stroke  of  the  engine.  In  cases  where  great 
equability  of  motion  is  required,  this  power  of  fly-wheel  is  not 
sufficient,  and  in  some  engines,  the  proportion  is  made  six  times 
the  power  developed  in  each  half  stroke,  or,  in  other  words,  the 
fly-wheel  is  twice  as  heavy  as  that  computed  above. 

GOVERNOR. 

The  altitude  of  the  height  of  the  cone  in  which  the  arms  re- 
volve, measuring  from  the  plane  of  revolution  to  the  centre  of 
suspension,  will  be  the  same  as  that  of  a  pendulum  which  makes 
the  same  number  of  double  beats  per  minute  that  the  governor 
makes  of  revolutions ;  or  if  the  number  of  revolutions  per  minute 
be  fixed,  and  we  wish  to  obtain  the  proper  height  of  cone,  Tre 
divide  the  constant  number  3T5-36  by  twice  the  number  of  rero- 
lutions,  which  ^ves  the  square  root  of  the  height  of  the  cone; 
and,  consequently,  the  height  itself  is  equal  to  the  square  of  flu* 
number.    These  relations  are  exhibited  in  the  following  rules:— 

TO  DETEEMTSTE  THE  SPEED  AT  WHICH  A  GOVEBNOE  MUST  BK 
DBIVEIT,  WHEN  THE  HEIGHT  OF  THE  CONE  IS  FIXED  IN  WHKJH 
THE  ASMS  EEVOLVE. 

EuLE. — Divide  the  constant  number  375*36  ly  twice  the  iqvoir^ 
root  of  the  height  of  the  cone  in  inches.  The  quotient  U  t^ 
proper  number  of  revolutions  per  minute. 

Example, — ^A  governor  with  arms  30^  inches  long,  measurifllJ 
from  the  centre  of  suspension  to  the  centre  of  the  ball,  revolvtf 
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in  &e  mem  pootioii  of  the  arms  at  an  an^e  of  about  80  degrees, 
with  the  rertioal  ainiidle  fbrmiiig  a  cone  about  26^  inches  high. 
At  what  nmnber  of  reyohrtions  per  minute  should  this  governor 
bedriyen? 

Here  the  height  of  the  cone  being  26*5  inches,  the  square  root 
of  whieh  is  5*14;,  and  twice  the  square  root  10*28,  we  divide 
Sft*86  by  10*28,  which  gives  us  86*5  as  the  proper  number  of 

levototkms  at  which  the  governor  should  be  driven. 

■I 

TO  DXTEBMINE  THE  HEIGHT  OF  THE  0017E  LET  WHIOH  THE  ABMS 
KUST  BEVOLVE,  WHEN  THE  VELOOITT  OF  BOTATIOK  OF  THE 
GOVEBNOB  IS  DETEBMINED. 

Buu. — Divide  the  constant  number  375*36  hy  twice  the  number 
qf  revolutions  which  the  governor  makes  per  minute^  and 
square  the  quotient^  which  will  be  the  height  in  inches  which 
the  cone  will  assume. 

Example, — Suppose  that  a  governor  be  driven  with  a  speed 
of  86|  revolutions  per  minute,  what  will  be  the  height  of  the 
oone  in  which  the  balls  will  necessarily  revolve,  measuring  from 
the  oiantre  of  suspension  of  the  arms  to  the  plane  of  revolution 
of  the  balls? 

Here  86-5  x  2  =  73,  and  375*36  divided  by  73  =  5*14,  and 
K'14  squared  is  equal  to  26*4196,  or  very  nearly  26*5  inches, 
Which  will  be  the  height  of  the  cone. 

When  the  arms  revolve  at  an  angle  of  45  degrees  with  the 
kindle,  or  at  right  angles  with  one  another,  the  centrifugal  force 
fe  equal  to  the  weight  of  the  balls ;  and  when  the  arms  revolve 
at  an  angle  of  80  degrees  with  the  spindle,  they  form  with  the 
base  of  Hie  cone  an  equilateral  triangle. 

8TBBNOTHS   OF  LOW-PBESSUBE   LAND   ENGINES. 

PISTON  ROD. 

The  piston  rod  is  made  one-tenth  of  the  diameter  of  the 
blinder,  except  in  locomotives,  where  it  is  made  one-seventh 


232  PBOPOBTIONS  OF  STEAM-ENGIN£S. 

of  the  diameter.  The  piston  rod  is  sometimes  made  of  i 
of  iron  converted  into  steel  for  a  certain  depth  in.  Tliis 
it  to  aoqnire  and  maintain  a  better  polish  than  if  made  o: 

MAIN  LINKS. 

The  main  links  are  the  parts  which  connect  the  pisi 
with  the  beam.  They  are  nsnaUy  made  half  the  lengtl 
stroke,  and  their  sectional  area  is  113th  the  area  of  the  pisi 

AIR-PUMP  ROD. 

The  diameter  of  the  air-pump  rod  is  commonly  ma* 
tenth  of  the  diameter  of  the  air-pump. 

BACK  LINKS. 

The  sectional  area  of  the  back  links  is  made  the  same 
of  the  air-pmnp  rod. 

END  STUDS  OF  THE   BEAM. 

The  end  stads  of  the  beam  are  usually  made  the  samt 
eter  as  the  piston  rod.  Sometimes  they  are  of  cast-ii 
generally  now  of  wrought.  The  gudgeons  of  water  whi 
generally  loaded  with  about  500  lbs.  for  every  circular  : 
their  transverse  section,  which  is  nearly  the  proportion  t 
tains  in  the  end  studs  of  engine  beams.  But  the  main  o 
usually  loaded  beyond  this  proportion. 

MAIN  CENTRE. 

The  strength  of  this  part  will  be  ^ven  in  the  stren^ 
marine  engines.  But  when  of  cast-iron  it  is  usually  mad" 
one-fifth  of  the  diameter  of  the  cylinder. 

In  a  cylinder  of  24  inches  diameter  this  will  be  4*8  in( 
say  4i  inches ;  and  this  proportion  of  strength  will  be  abo 
times  the  breaking  weight,  if  we  suppose  the  main  centr 
overhung  as  in  marine  engines.  Thus,  in  a  cylinder  of  24 
diameter,  and,  consequently,  of  452  square  inches  area,  tl 
load  on  the  piston  with  20  lbs.  on  each  square  inch  is  9,C 
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Bot  as  the  strain  at  the  main  centre  is  donbled  from  the  beam 
ftcting  as'  a  lever  of  2  to  1,  it  follows  that  the  strain  at  the  main 
centre  will  be  18,080  lbs.  The  nltimate  tensile  strength  of  com- 
mon cast-iron  being  12,000  per  square  inch  of  section,  and  the 
tensile  and  shearing  strength  being  abont  the  same,  ^th  of  12,000, 
or  1,383  lbs.,  will  be  the  proper  load  to  place  on  each  square  inch 
of  section ;  and  18,080  divided  by  1,333  will  give  the  proper  sec- 
tional area  in  sqaare  inches,  which  will  be  13^  square  inches 
nearly.  This  area  corresponds  to  a  diameter  of  a  little  over  4^ 
inches.  But  the  strength  is  virtually  doubled  by  the  circum- 
stance of  the  main  centre  of  land  engines  being  supported  at 
both  ends. 

MAIK  BEAM. 

The  rules  in  common  use  for  proportioning  the  main  beams 
of  engines  are  the  same  as  those  which  existed  prior  to  Mr. 
Hodgkinson^s  researches  on  the  strength  of  cast-iron  girders, 
which  showed  that  the  main  element  of  strength  was  the  bot- 
tom flange.  But  as  in  the  case  of  engine  beams  the  strain  is 
dtemately  up  and  down,  the  top  and  bottom  flanges,  or  beads 
of  the  beam,  require  to  be  of  equal  strength.  Cast-iron  is  a  bad 
i&aterial  for  engine  beams,  unless  the  central  part  be  made  of 
<^  work  of  cast-iron,  and  the  edge  of  the  beam  be  encircled 
^  a  great  elliptical  or  lozenge-formed  hoop,  as  is  done  in  some 
of  the  American  engines.  But  if  the  beam  be  made  wholly  of 
oast-iron,  a  much  larger  proportion  of  the  metal  should  be  col- 
lected in  the  top  and  bottom  flanges  than  is  at  present  the  ordi- 
luuy  practice. 

The  usual  length  of  the  main  beam  is  three  times  the  length 
of  the  stroke ;  the  usual  breadth  is  equal  to  the  diameter  of  the 
cylinder,  and  the  usual  mean  thickness  is  y^th  of  the  length. 
The  rule  is  as  follows : — 

^   ram    THB    PEOPEB    DIMENSIONS    OF    THE    MAIN    BEAM    OF  A 

LAND  ENGINE. 

HvLE. — Divide  the  weight  in  lbs,  acting  at  the  centre  hy  250  and 
multiply  the  quotient  ly  the  dista/nce  between  the  extreme  cen- 
tres.    To  find  the  depths  the  breadth  being  given :  Divide  the 
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product  "by  the  breadth  in  inches^  and  extract  the  square  rooi 
qf  the  quotient^  which  is  the  depth. 

The  depth  of  the  beam  at  the  ends  is  nsaally  made  one-third 
of  the  depth  at  the  middle. 

It  will  be  preferable,  however,  to  investigate  a  rale  on  ther 
basis  of  Mr.  Hodgkinson^s  rule  for  proportioning  cast-iron  gird- 
ers, which  is  as  follows : 

Multiply  the  sectional  area  of  the  "bottom  flange  in  inches  Iff 
the  depth  of  the  beam  in  inches^  a/nd  divide  the  product  bp^ 
distance  between  the  supports  also  in  inches^  cmd  514  timet  1^  > 
quotient  will  be  the  breaJoing  weight  in  ewts,  - 

If  the  breaking  weight  be  expressed  in  tons,  the  oonstank  ' 
number  614  must  be  divided  bj  20,  which  gives  the  breakiog  ■ 
weight  as  25*7,  or  say  26  tons,  whereas  experiment  has  shown  ' 
that  if  the  flange  were  to  be  formed  of  malleable  iron  instoaA 
of  cast,  the  breaking  weight  wpnld  not  be  less  than  80  tons ;  a,  '■ 
in  other  words,  that  with  the  same  sectional  area  of  flange,  ^  < 
beam  wonld  be  more  than  three  times  stronger.  -  ■> 

It  is  a  common  practice  in  the  case  of  girders  to  make  tirti^ 
strength  eqnal  to  three  times  the  breaking  weight  when  the  load  ■*■ 
is  stationary,  and  to  six  times  the  breaking  weight  when  tbv  ' 
load  is  movable.    Bat  these  proportions  are  too  small,  and  letf  * 
than  nine  or  ten  times  the  breaking  weight  will  not  give  a  sol*  ■ 
ficient  margin  of  strength  in  the  case  of  engines  where  the  mxh 
tion  is  so  incessant,  and  where  heavy  strains  may  be  acddentaSIl  ■ 
encoontered  from  priming  or  otherwise.    In  the  case  of  antfki  i 
gine,  the  weight  answering  to  the  breaking  weight  is  thelodi-^ 
on  the  piston ;  and  if  we  suppose  the  fly-wheel  to  be  jammed,  I 
and  the  piston  to  be  acting  with  its  fall  force  to  lift  or  sink  ite  ^ 
main  centre,  it  is  clear  that  the  strain  on  the  main  centre,  w^i 
therefore,  on  the  beam,  will  be  equal  to  twice  the  strain  iqMi^ 
the  piston,  since  the  beam  acts  under  such  circumstances  is  • 
lever  of  2  to  1.    The  problem  we  have  now  to  consider  is  hot 
many  times  the  working  weight  must  be  less  than  the  breakis| 
weight  to  give  a  sufficient  margin  of  strength  in  any  given  beaa( 
or,  in  other  words,  what  proportions  must  the  beam  have  if> 
possess  adequate  working  strength. 
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To  take  a  praotioal  example  from  an  en^ne  in  constant  work. 
The  en^e  with  a  cylinder  of  24  inches  diameter  has  a  midn 
heam  15  feet  (or  180  inches)  long ;  80  inches  deep  in  the  middle ; 
and  with  a  sectional  area  of  flange  of  7  square  inches.  The 
Iveaking  weight  of  such  a  heom  in  cwts.  will  he  7  x  80  x  514 
divided  hj  180=600  cwt.  nearly,  and  this  multiplied  hj  112  Ihs. 
s67,200  Ih.,  which  is  the  hreaking  weight  in  pounds  ayoirdn- 
poifl.  The  area  of  the  cylinder  in  round  numbers  is  452  square 
taehes;  hut  as  there  is  a  leverage  of  2  to  1,  this  is  equivalent  to 
IB  area  of  cylinder  of  904  square  inches  set  under  the  middle  of 
the  beam  and  pulling  it  downwards,  the  boom  being  supposed 
to  be  supported  at  both  ends.  Dividing  now  67,200  by  904  we 
get  the  pressure  per  square  inch  on  the  piston  that  would  break 
tiiebeam,  which  is  a  little  over  74  lbs.  per  square  inch  of  the 
ma  of  the  piston,  or  58  lbs.  per  circular  inch.  If  we  suppose 
fli0  working  pressure  of  steam  on  the  piston  to  bo  6*27  lbs.  per 
dnolar  inch,  or  7*854  lbs.  per  square  inch,  then  the  working 
itnogth  of  the  beam  will  be  about  9}  times  its  breaking  strength, 
linoh  would  give  an  adequate  margin  for  safety.  But  if  we 
n^poee  the  working  pressure  to  be  12*54  lbs.  per  circular  inch, 
or  15*718  lbs.  per  square  inch,  the  working  strength  would  in 
BOeh  case  be  only  about  4J  times  the  breaking  strength,  and  the 
bean  would  be  too  weak. 

The  strength  of  a  cast-iron  beam  of  any  given  dimensions 
varies  directly  as  the  sectional  area  of  the  edge -flange;  or,  if 
fte  aeotional  area  of  that  flange  be  constant,  the  strength  of  the 
beam  yaries  directly  as  the  depth,  and  inversely  as  the  length. 
If  while  the  sectional  area  of  the  flange  remains  the  same  the 
depth  of  the  beam  is  doubled  without  altering  the  length,  then 
the  strength  is  doubled.  But  if  the  length  be  also  doubled,  the 
stnugth  remains  the  same  as  at  first.  As  the  length  of  an  en- 
gm^heam  is  doubled  when  we  double  the  length  of  the  stroke, 
nd  as  in  any  symmetrical  increase  of  an  engine  when  we  double 
!2i6  length  of  the  stroke  we  also  double  the  diameter  of  the  cyl- 
nder,  to  which  the  depth  of  the  beam  is  generally  made  equal, 
taefge  beams  with  the  same  area  of  flange,  and  made  in  the  ordi- 
lary  proportions,  would  be  as  strong  as  small  beams,  except  that 
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the  load  increasos  as  tlio  square  of  tbo  diameter  of  the  cjlindor,  J 
and  conseqiisDtlj  the  area  of  the  edge  flange  miiBt  increase  in  f 
the  xame  proportion.  Tliose  uonsideriLtious  enable  us  to  fix  tlw  ' 
following  mle  for  the  strength  of  main  beams ; —  . 


FIND  TUB  PEoras  DiMBNsioNa  or  tub  mais  bbam  d 


1 


Etilb.— Jfaifl  the  d^th  qf  the  ieam  equal  to  tlie  diameter  ^tht 
etjlinder,  anA  the  len/jth  of  the  ieam  equal  to  tiree  timet  3 
leiigth  nf  the  etroke.  Then  to  find  the  area,  qf  the  iM 
fianffe :  Multiply  the  area  of  the  eylinder  m  tqaara  iiKM 
hf/  the  total  preirure  of  stewm,  and  vacuum  on  each  < 
inch  of  the  pUton,  and  divide  the  prodvet  hy  GSO. 
qvstietit  it  the  primer  area  of  the  Jtange  <^  the  Jeani  W 
tquare  inehe». 

JExample  1,— What  is  the  proper  sectional  area  of  the  flango. 
of  the  main  team  of  an  engine,  with  cylinder  24  inches  "' 
eter  and  5-feet  stroke,  the  pressure  on  tie  piston  being  S 
per  square  incli  9 

Here  the  area  of  the  cylinder  will  bo  453  inches,  whioli  mul- 
tiplied by  30  girea  9,040,  and  dividing  by  650  we  get  IS'B  B^naro 
inches,  which  is  the  proper  sectional  area  of  tbe  edge  bead  OT 
fUmgo  of  the  heam. 

Example  3. — What  is  the  proper  aeotional  area  of  the 
of  the  main  beain  of  an  engine  with  a  cylinder  60  inchea  flt- 
amoter,  12}  feet  stroke,  and  with  a  preBSoro  of  steam  onthejft- 
ton  of  20  lbs.  per  square  inch ! 

The  area  of  a  cylinder  60  inches  diameter  is  2,S34  sqnan 
inches,  and  2,824  multiplied  by  30=56,480,  which  divided  % 
630=8T  square  inches  nearly.  Such  a  flange,  therefore,  if  U 
inches  broad,  would  be  6  inches  tluck.  The  beam  wonM'l 
6  feet  deep  at  the  middle,  and  ST}  feet  long  betweeo  the  H 
treme  centres. 
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AJfOXBXB  SULB  FOB  FINDING-  THE  8B0TI0NAL  ABEA  OF  EAOH 
EDCHB  FLANGE  OF  THE  MAIN  BEAM. 

iuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  lyy  one- 
third  of  the  length  of  the  stroJce  in  inches,  and  hy  the  total 
pressure  on  each  square  inch  of  the  piston,  and  divide  the 
product  dy  650.  The  quotient  is  the  proper  sectional  area 
in  square  inches  of  each  flange  or  head  on  the  edge  of  the 
learn, 

Example  1. — ^What  is  the  proper  sectional  area  of  the  flange 
on  the  edge  of  the  main  beam  of  an  engine  with  a  24-inch  cylin- 
der, 20  lbs.  total  pressure  on  piston  per  square  inch,  and  5  feet 
itroke? 

Here  24  x  20  (which  is  one-third  of  the  stroke  in  inches)  x  20 
^6  pressure  of  the  steam  andvacnmn  per  square  inch)  =  9,600, 
irhich  divided  by  660=14*7  sq.  in.,  which  is  the  area  required. 

Example  2. — ^What  is  the  proper  sectional  area  of  the  flange 
jjn  the  edge  of  the  main  beam  of  an  engine  with  a  60-inch  cylin- 
der, 12^feet  stroke,  and  with  a  pressure  on  the  piston  of  20  lbs. 
pir  square  inch  ? 

Here  60  x  50  (which  is  one-third  of  the  stroke  in  inches)  x  20 
(the  pressure  of  the  steam  per  square  inch)  =  6,000,  which  di- 
,)ided  by  650  gives  92  as  the  sectional  area  of  the  edge  bead  in 
Ipure  inches.  Such  a  flange,  if  15)^  inches  broad,  would  be 
•  inches  thick.  These  results  it  will  be  seen  are  very  nearly 
.Aq  game  as  those  obtained  by  the  preceding  rule ;  and  one  in- 
,^nce  from  these  rules  is  that  nearly  all  engine  beams  are  at 
Iresent  made  too  weak.  The  purpose  of  the  web  of  the  beam 
is  mainly  to  connect  together  the  top  and  bottom  flanges,  so  that 
lihere  is  no  advantage  in  making  it  thicker  than  suffices  to  keep 
^^  beam  in  shape ;  with  which  end,  too,  stiffening  feathers,  both 
rertical  and  horizontal,  should  be  introduced  upon  the  sides  of 
She  beam.  The  first  cast-iron  beams  were  made  like  a  long 
loDow  box  to  imitate  wooden  beams,  and  this  form  would  still 
>e  the  best,  unless  an  open  or  skeleton  beam,  encircled  with 
great  wrought-iron  hoop,  after  the  American  fashion,  be 
dopted. 
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CONNECTINChROD. 

The  connecting-rods  of  land  en^nes  are  now  nsoally  made 
of  wronght-iron,  and  when  so  made,  the  proportions  will  be  tte 
same,  or  nearly  so,  as  those  given  nnder  the  head  of  marine  en- 
gmes.  When  made  of  cast-iron  the  configoration  is  sacih  that 
the  transverse  section  at  the  middle  assumes  the  form  of  a  crosfi, 
this  form  being  adopted  to  give  greater  lateral  stiffiiess.  The 
length  of  the  rod  is  nsnally  made  the  same  as  the  length  of  the 
beam,  namely,  three  times  the  length  of  the  stroke,  and  ^ 
area  of  the  cross  section  of  the  rod  at  the  middle  is  commonly 
made  ^^th  of  the  area  of  the  cylinder,  and  the  sectional  areaai 
the  ends  ^th  of  the  area  of  the  cylinder.  Snch  a  strenglihii 
needlessly  great,  and  is  qnite  out  of  proportion  to  the  strengft 
commonly  given  to  the  beam.  Thus,  in  the  case  of  an  engine 
with  a  24-inoh  cylinder,  the  area  of  the  piston  is  453  square 
inches ;  and  if  we  take  20  lbs.  per  sqnare  inch  as  the  load  on  tiie 
piston,  then  the  total  load  on  the  piston  will  be  9,040  lbs.  tf 
the  working  load  be  made  ^th  of  the  breaking  load,  as  in  ik0 
case  of  the  beam,  then  the  breaking  load  should  be  81,860  Ib&t 
and  the  strength  of  the  connecting-rod  should  be  such  that  it 
would  just  break  with  that  load  on  the  piston.  !N'ow  the  tenaO* 
strength  of  the  weakest  cast-iron  is  about  12,000  lbs.  per  square 
inch  of  section,  while  its  crushing  strength  is  about  five  times 
that  amount.  Dividing  81,361  lbs.,  the  total  tensile  strengtih  d 
the  rod,  by  12,000,  the  tensile  strength  of  one  square  inch,  we 
get  about  7  square  inches  as  the  proper  area  of  the  smallest  part 
of  the  connecting-rod  when  of  cast-iron.  But  ^th  of  462  (which 
is  the  area  of  the  cylinder  in  square  inches)  is  13  square  inches 
from  all  of  which  it  follows  that  while  the  main  beams  of  en* 
gines  are  commonly  made  too  weak,  the  cast-iron  connecting* 
rods  are  commonly  made  too  strong.  This,  however,  is  partly 
done  for  the  purpose  of  balancing  the  weight  of  the  piston  and 
its  connections. 

FLY-WHEEL  SHAFT. 

The  fly-wheel  shaft  of  land  engines  is  usually  made  of  cast 
iron.  The  following  is  the  rule  on  which  such  shafts  are  nsoalt; 
proportioned : — 
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TO  sum  ZBE  DIAMEIBB  OF  TBX  FLT-WHEBL  SHAFT  AT  SMALLEST 
PABT,  WHXS  rr  IS  OF  OAST-IBOir. 

BuuE.— Jfi^;^^  the  square  of  the  diameter  of  the  cylinder  in 
inehes  hy  the  length  of  the  cranio  in  inches;  extract  the  cube 
foot  of  the  product ;  finally  multiply  the  result  "by  '3025. 

.    The  product  is  the  diameter  (f  the  fiy-wheel  shaft  at  the 

-   mMHHest  pa/rt  va  inches. 

'  Eatumnple  1. — ^What  is  the  prop^  diameter  of  the  flj-wheel 
duft^  whoi  of  cast-iron,  in  the  case  of  an  engine  with  a  diameter 
rf'fljHnder  of  64  inches  and  a  stroke  of  8  feet  ? 

64  =  diameter  of  tiie  cylinder  in  inches 
64 


•'/.. 


4096  =r  square  of  the  diameter 
48  =:  length  of  crank  in  inches 


196608 
-H-IS  =r  j^96608  and   68*15  x  -8025  rr  17*59,  which  is  the  proper 
ftoMter  of  the  fly-wheel  shaft  at  the  smallest  part 

Bxwmple  2. — ^What  is  the  proper  diameter,  at  the  smallest 
part,  of  the  cast-iron  fl j-wheel  shaft  of  an  en^e,  with  a  diameter 
of  cylmder  of  40  inches,  and  5  feet  stroke  ? 

40  =  diameter  of  cylinder  in  inches 
40 

1600  =  square  of  diameter  of  cylinder  . 

dO  =r  length  of  crank  in  inches 


48000 
M*80  =  J^48000  and  36*80  x  -3025  =  10*98,  which  is  the  proper  diam- 
Her  of  the  shaft  in  inches. 

XB.  watt's  BTJLE  fob  THE  NEOKS  OF  HIS  OBAlirK  SHAFTS. 

BuLE. — Multiply  the  area  of  the  piston  in  squa/re  inches  by  the 
pressure  on  each  square  inch  (and  which  Mr,  Watt  tools  at 
12  lbs.),  and  by  the  length  of  the  cranh  in  feet.  Divide  tJi^ 
product  by  31 '4,  and  extract  the  cube  root  of  the  quotient^ 
which  is  the  proper  diameter  of  the  shaft  in  inches. 
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Example  1.— What  is  tiie  proper  diameter  of  the  fly-wheel 
shaft  in  an  engine,  with  a  cylinder  64  inches  diameter  and  8  feet 
stroke,  the  pressure  on  the  piston  heing  taken  at  12  lbs.  per 
square  inch? 

The  area  of  a  cylinder  64  inches  diameter  is  8,217  square 
inches,  which  multiplied  by  12  =  88,604,  and  this  multiphed  by 
4,  which  is  the  length  of  the  crank  in  feet,  is  154^416.  This 
divided  by  81*4  =  4,917*7,  the  cube  root  of  which  is  1701 
inches. 

IhMnnple  2. — ^What  is  the  right  diameter,  according  to  Mr. 
Watt's  rule,  of  the  fly-wheel  shaft  of  an  engine,  with  a  24-inoh 
cylinder,  6  feet  stroke,  and  with  a  pressure  of  12  lbs.  on  each 
square  inch  of  the  piston  ? 

The  area  of  the  cylinder  is  452  square  inches,  which  multi- 
plied by  12  =  5,424,  and  this  multiplied  by  2i,  which  is  the 
length  of  the  crank  in  feet  =  13,560,  which  divided  by  81'4  = 
481,  the  cube  root  of  which  is  7i  inches,  which  is  the  proper 
diameter  of  the  shaft.  In  Mr.  Cdrd's  engine  the  diameter  is  S 
inches. 


TO    FIND    THE    PBOPEB    THIOZNESS    OF    THE    LABOE  EYE  OF  TBI 
CEANK  FOE  FLY-WHEEL    SHAFT,   WHEN  OF   CAST-IEON. 

BiTLE. — Multiply  the  square  of  the  length  of  the  cranio  in  iwh^ 
"by  1*561,  and  then  multiply  the  squa/reofthe  diameter  of^ 
cylinder  in  inches  ty  '1235/  multiply  the  sum  of  these  froilr 
ucts  "by  the  square  of  the  diameter  of  the  cylinder  in  incht^i 
divide  this  product  ly  666*283  ;  divide  this  quotient  ly  ^ 
length  of  the  cranh  in  inches  ;  finally  extract  the  cube  root  of 
the  quotient.  The  result  is  the  proper  thichness  of  the  la/rg^ 
eye  of  crank  for  fly-wheel  shaft  in  inch^,  when  of  cast-irofn^ 

Example  1. — ^Required  the  proper  thickness  of  the  large  eye 
of  crank  for  fly-wheel  shaft,  when  of  cast-iron,  of  an  engine 
whose  length  of  stroke  is  8  feet,  and  diameter  of  cylinder  64 
inches. 
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48  =  kogth  of  crank  in  inches 
48 

2804  =:  square  of  length  of  crank  in  Inches 
1*661  =  constant  multiplier 


8096-5 


64  =  diameter  of  cylinder  in  inches 
64 

4096  =  i  ^^""*  ®^   diameter  of  cylinder 
(  in  inches 

'1286  =  constant  multiplier 


605*8 
8696*6 


4102*8  =  sum  of  products 

AAQA  _  i  square  of  the  diameter  of  the  cy- 
*"***  -  \  Under  hi  inches 


^^Jjf**  I  =:  666*288)16808020*8 


Length  of  crank  =  48)26219*046 

626*897 


and  i^26*89Y  =  8*07  which  is  the  proper  thickness  of  the  large  eye  of 
the  crank  in  inches,  when  of  cast-iron. 

Example  2. — ^Required  the  proper  thickness  of  the  large  eye 
of  the  crank  for  flj- wheel  shaft,  when  of  cast-iron,  of  an  en- 
gine, whose  length  of  stroke  is  5  feet,  and  diameter  of  cylinder 
40  inches. 

80  =  length  of  crank  in  inches 
80 

900  =  square  of  length  of  crank  in  inches 
1*661  =:  constant  multiplier 

1404*9 
11 
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40  =:  diameter  of  cylinder  in  inches 
40 

1600 

'1286  =  constant  multiplier 


197-6 
1404*9 

1602*5  =  sum  of  prodacts 

1600    =r  square  of  diameter  of  cylinder 


^^^^  I  =  666*288)2664000*0 

Length  of  crank  =  80  inches  8848*2 

128*8 
and  ^28*8  =  6*04  inches  is  the  proper  thickness  in  this  engine  of  tbie 
large  eye  of  the  crank,  when  of  cast-iron. 

TO  FIND  THB  PBOPEB  BBEAJXTH  OF  THE   WEB  OF  THE  CRAITK  A.T 
THE  OENTBE  OF  THE  FLY-WHEEL  SHAFT,  WHEN  OF  OABT-IBON'y 
SXIPPOSINa  THE  BBEADTH   TO    BE  00NTINT7ED  TO  THB  CSNTBK 
OF  THE  SHAFT. 

KuLE. — Multiply  the  square  of  the  length  of  the  cranh  in  inches 
hy  1*561,  and  then  multiply  the  square  of  the  diameter  of  the 
cylinder  in  inches  hy  '1235  /  multiply  the  square  root  of  the 
sum  of  these  products  hy  the  square  of  the  diameter  of  th^ 
cylinder  in  inches  ;  divide  the  product  hy  23*04,  andjiruitly 
extract  the  cube  root  of  the  quotient,  Thejfinal  result  if  i^ 
"breadth  of  the  crank  at  the  centre  of  the  fly-wheel  sW^ 
when  the  crank  is  of  cast-iron. 

Example  1. — ^What  is  the  proper  breadth  of  the  web  of  the 
crank  at  the  centre  of  fly-wheel  shaft,  when  of  cast-iron,  in  the 
case  of  an  engine,  with  a  diameter  of  cylinder  of  64  inches,  and 
length  of  stroke  8  feet  ? 

48  =  length  of  crank  in  inches 
48 


2304  =  square  of  length  of  crank 
1*561  =  constant  multiplier 

8596-5 
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64  =:  diameter  of  cylinder  in  inches 
64 

4096  =  square  of  diameter  of  cylinder 
*1285  =  constant  multiplier 

606-8 
8696-6 


4102*8  =  sum  of  products 


^4102-8=64-06  nearly 

4096  =  square  of  diameter  of  cylinder  in  inches. 

23-04)262848-80(1 1396-84 
2804 


8214 
2804 


9108 
6912 

21968 
20736 

12320 
11620 

8000 
6912 


10880 
9216 

1664 


yllS96'84  =  22-6  inches,  which  is  the  proper  breadth  of  the  web  of  the 
cnuik,  when  of  cast-iron,  supposing  the  breadth  to  be  continued  to  the 
centre  of  the  fly-wheel  shaft. 

Example  2.— "What  is  the  proper  breadth  of  the  web  of  a 
cast-iron  crank  at  the  centre  of  the  fly-wheel  shaft  (supposing  it 
to  be  so  far  extended),  in  the  case  of  an  engine  wil^  40  inches 
diameter  <Si  cylinder  and  5  feet  stroke  ? 


244  FBOPCMCnOHS  of  SZEAXHEHOm. 

80  =  kngth  of  cnnk  in  inoheB 
80 

900  =  tqaafe  of  length  of  cnnk  in  indiei 
1*561  =  constant  nmh^dier 


1404*9 


40  =  diameter  of  (sylindtf  in  indies 
40 


1600  =  square  of  diameter  of  cylinder 
'1285  ^  constant  multiplier 

197-6 

1602*6  =  sum  of  products 
V^1602*6  =  40-8  nearly 
1600 


28-04)64480-0 

2Y98'6  nearly 

V^2798*6  =  14*09,  which  is  the  proper  breadth  in  inches  of  a  cast  iicm 
crank  in  on  engine  of  this  size,  supposing  the  breadth  to  be  continued 
to  the  fly-wheel  shaft 

TO  FIND  THE   PBOPEB  THiaKNESS   OF    THE  WEB    OF   A   OABT-IE05 
OBANK  AT  THE  OENTBE  OF  THE  FLY-WHEEL  SHAFT. 

Rule. — Multiply  the  squa/re  of  the  length  of  the  cranio  in  inch^ 
Jyy  1*561,  and  then  multiply  the  square  of  the  diameter  of  tf^ 
cylinder  in  inches  hy  '1235 ;  multiply  the  square  root  of  w^ 
sum  of  these  products  hy  the  squa/re  of  the  dia/meter  of  ^ 
cylinder  in  inches;  divide  tJi^  product  hy  1'32;  ftMl 
extract  the  cube  root  of  the  quotient.  The  remit  is  the  pff^ 
thichness  of  the  weh  of  a  cast-iron  cranh  m  incTies  at  the  «^ 
Pre  of  the  fly-wheel  shaft^  supposing  the  thichness  to  U^ 
tended  to  that  point. 

Example  1. — ^Required  the  proper  thickness  of  the  web  of  > 
cast-iron  crank  at  the  centre  of  the  fly-wheel  shaft  (snpposiiig  i^ 
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to  be  SO  jbr  extended),  in  the  case  of  an  engine  with  64  inohea 
diameter  of  cylinder,  and  8  feet  stroke. 

48  =  length  of  crank  in  mches 
48 

2804  =  square  of  the  length  of  crank 
1-661  =  constant  multiplier 

8696-5 

64  =  diameter  of  cylinder  in  inches 
64 

4096  =  square  of  diameter  of  cylinder 
'1236  =  constant  multiplier 

606*8 
8696-6 


4102*3  =  sun  of  products 
and  v^4102-8  =  64-06  nearly 

4096  =  square  of  diameter  of  cylinder 

^'  \  =  184.82)262848-6 

1422-33 
and  ^  1428-38  =  11-26 

EcampU  2. — ^What  is  the  proper  thickness  of  the  web  of  a 
cast-iron  crank  at  centre  of  fly-wheel  shaft  (supposing  it  to  be  so 
^  extended),  in  the  case  of  an  engine  with  40  inches  diameter 
of  cylinder,  and  5  feet  stroke? 

80  =r  length  of  crank  in  inches 
80 

900  =  i  ^^^^   ^^   length   of  crank   in 
~  I  inches 

1-661  =  constant  multiplier 
1404-9 
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40  =  diameter  of  c^linda*  in  indies 
40 


1600  =  square  of  diameter  of  cylinder 
*1285  =  constant  multiplier 

197-6 
1404-9 


1602-6 
V 1602-6   =  40-3  nearly 
1600 


Sr*  [  =  184-8?)64480.0 

849-8 
and  -J^849-8  =  7-04,  which  is  the  proper  thickness  in  inches  of  the  ird> 
of  a  cast-iron  crank  for  this  en^e,  measuring  at  the  centre  of  the  fly* 
wheel  shaft 

CRANK  PIN. 

The  crank  pins  of  land  engines  liaying  cast-iron  cranks^  are 
generally  made  of  cast-iron,  and  are  in  diameter  abont  one-fflxlit 
of  the  diameter  of  the  cylinder. 

MILL  GEARING. 

Bonlton  and  Watt,  by  whom  the  present  system  of  iw^ 
gearing  was  introdnced,  proportioned  their  wheels  on  the  follow- 
ing consideration : — *  That  a  bar  of  cast-iron  1  inch  square  and 
12  inches  long,  bears  600  lbs.  before  it  breaks;  1  inch  longwffl 
bear  7,200  lbs.,  and  ^th  of  this  =  480  lbs.,  is  the  load  whi(* 
should  be  put  on  the  wheel,'  for  each  square  inch  in  section  of 
the  tooth.  Bonlton  and  Watt's  rule  for  the  strength  of  geared 
wheels  is  consequently  as  follows: — If  H  =  the  actual  hoiee* 
power  which  the  wheel  has  to  transmit;  d^  the  diameter  of  th® 
wheel  in  feet,  and  r,  the  revolutions  of  the  wheel  per  mintrte; 

then  H  x  306 

-5^^^=  the  strength,  and  the  strength  divided  by  the 

breadth  in  inches  =^^,  or  the  square  of  the  pitch  in  iQcbe& 
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HeQceH=-P'^^^^^  Vd  !>  =4/^  ^  ^^^  ,  which  equations 
pttt  into  words  are  as  follows : 

Jo  FIND  THE  inTMBEB  OP  ACTUAL  HOBSES  POWEB  WHICH  A  GIVEN 
WHEEL  WILL  TBANBMIT,  ACCOBDINO  TO  BOULTON  AND  WATT's 
PRACTICE. 


BuLE. — Multiply  the  %qua/re  of  the  pitch  in  inches  hy  the  hreadth 
of  the  wheel  in  inches^  "by  its  diameter  in  feety  and  hy  the 
number  of  revolutions  it  makes  per  minute^  and  divide  the 
product  hy  the  consta/nt  nurnber  306.  The  quotient  is  the 
number  of  actual  horses'*  power  which  the  wheel  will  safely 
trwnsmit,  according  to  Boulton  and  WatVs  practice. 

TO  FIND  THE  PBOPEB  PITCH  OP  A  WHEEL  IN  INCHES  TO  TBANS- 
MIT  A  GIVEN  POWEB,  ACCOEDING  TO  BOULTON  AND  WATT's 
PBACTICE. 

^VUL— Multiply  the  breadth  of  the  teeth  in  inches  by  the  diam- 
eter of  the  wheel  in  J'eet^  and  by  the  number  of  revolutions  it 
fMtkes  per  minute^  and  reserve  the  product  as  a  divisor,  IText 
multiply  the  number  of  acttuil  horses'*  power  which  the  wheel 
has  to  transmit  by  the  constam,t  number  306,  and  divide  the 
product  by  the  divisor  found  as  above.  Finally^  extract  the 
tquare  root  of  the  quotient^  which  is  the  proper  pitch  of  the 
wheel  in  in^ches,  according  to  Boulton  and  Watfs  practice. 

Instead,  however,  of  reckoning  the  strain  in  horses'  power,  it 
b  preferable  to  reckon  it  as  a  pressure  or  weight  applied  to  the 
•cting  tooth  of  the  driving  wheel.  If  t  =  the  thickness  of  the 
^th  in  inches,  w  =  the  pressure  upon  it  in  lbs.,  and  c  a  con- 
stant multiplier,  which  for  cast-iron  is  '026,  for  brass,  '035,  and 
for  hard  wood,  '038,  then  t  =  c^w^hj  which  formula  we  can 
easily  find  the  proper  thickness  of  the  tooth,  and  twice  the 
thickness  of  the  tooth  with  the  proper  allowance  for  clearance, 
gives  the  pitch.    This  formula  put  into  words  is  as  follows : — 
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TO  FIND  THE  PBOPEB  THIOKNESS  OF  TOOTH  OF  ▲  OAST-IBCr^ 
WHEEL  TO  TBANSMIT  WITH  SAFETY  ANY  GIVEN  FSESSUBE. 

BuLE. — Multiply  the  square  root  of  the  presswre  in  pounds  tu^^ 
ing  at  the  pitch  line  dy  the  constant  number  *025.  T?i^ 
product  is  the  proper  thichness  qf  the  tooth  in  inches. 

Example  1. — What  is  the  proper  thickness  of  the  teeth  of  & 
cast-iron  wheel  moved  hy  a  pressure  of  233*83  Ihs.  at  the  pitoh 
circle  ?       

Here  V  233-33  =  15'27,  and  this  mnltiplied  by  -026  =  '881, 
which  is  the  proper  thickness  of  the  teeth  in  inches. 

Example  2.— "What  is  the  proper  thickness  of  the  teeth  of  ft 
cast-iron  wheel  which  is  moved  round  by  a  pressure  of  46,666*6 
lbs.  at  the  pitch  circle  ? 

It  will  be  easiest  to  solve  this  question  by  means  of  logaiithsu. 
As  the  index  of  the  logarithm  is  always  one  less  than  the  number 
of  places  above  unity  filled  by  the  number  of  which  the  logarithm 
has  to  be  found ;  and  as  there  are  five  such  places  in  the  number 
46,666*6,  it  follows  that  the  index  of  tiie  logarithm  will  be  4^  and 
the  rest  of  the  logarithm  will  be  found  by  looking  for  the  nearest 
number  to  46,666*6  in  the  tables,  and  which  number  will  be 
4,666,  the  logarithm  answering  to  which  is  668945.  The  rendne 
6*6,  however,  has  not  yet  been  taken  into  account,  and  to  indnde 
it  we  must  multiply  the  number  found  opposite  to  the  logarithm 
in  the  column  marked  D,  commonly  introduced  in  logarithmic 
tables  (and  which  is  a  column  of  common  differences),  by  the 
number  we  have  not  yet  reckoned,  namely,  6*6 ;  and  cut  off  a 
number  of  figures  from  the  product  equal  to  those  in  the  mul- 
tiplier, adding  the  residue  to  the  logarithm,  which  will  therenpo^ 
become  the  correct  logarithm  of  the  whole  quantity.  The  com- 
mon difference  in  this  case  is  98,  which  multiplied  by  6*6  giv* 
613*8,  and  cuttmg  off  the  3*8  we  add  the  61  to  the  logarithm 
already  found,  which  then  becomes  4*669006.  Dividing  this  by 
2,  we  get  2*334503,  which  will  be  the  logarithm  of  the  number 
that  is  the  square  root  of  46,666*6.  As  the  index  of  the  log*" 
rithm  is  2,  there  will  be  three  places  above  unity  in  the  numbtf» 
and  looking  now  in  the  logarithm  tables  for  the  number  sDSff^ 
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log  to  t^e  logarithm  nearest  834503,  we  get  the  nmnber  216,  the 
logarithm  of  which  is  884454.  The  number  216  is  consequently 
the  square  root  of  46,666*6  very  nearly,  as  to  extract  the  square 
root  by  logarithms,  we  have  only  to  divide  the  logarithm  of  the 
mnnber  by  2,  and  the  number  answering  to  the  new  logarithm 
thns  fbnnd  will  be  the  square  root  of  the  original  number.  Now 
216  multiplied  by  '025  =  6*400,  which  consequently  is  the  thick- 
ness in  inches  of  each  of  the  teeth  of  this  wheeL 


^        OENEBAL  BULES  BEaABDma  GEABINa. 

The  pitch  should  be  in  aU  cases  as  fine  as  is  consistent  with 

the  required  strength.    When  the  velocity  of  the  motion  exceeds 

^  feet  per  second,  the  larger  of  the  two  wheels  should  be  fitted 

with  wooden  teeth,  the  thickness  of  which  should  be  a  little 

greater  than  that  of  the  iron  teeth.    The  breadth  of  the  teeth  in 

the  direction  of  the  axis  varies  very  much  in  practice.    But 

where  the  velocity  does  not  exceed  5  feet  per  second,  a  breadth 

of  tooth  in  the  line  of  the  axis  equal  to  four  times  the  thickness 

of  the  tooth  will  suffice.    This  is  nearly  the  same  thing  as  a 

breadth  equal  to  twice  the  pitch.    Where  the  velocity  at  the 

pitch  circle  is  greater  than  5  feet  per  second,  the  breadth  of  the 

teeth  should  be  5  times  the  thickness  of  tooth,  the  surfaces  being 

kept  well  greased.    But  if  the  teeth  be  constantly  wet,  the 

breadth  should  bo  6  times  the  thickness  of  tooth  at  all  velocities. 

The  best  length  of  the  teeth  is  ^ths  of  the  pitch,  and  the  length 

should  not  exceed  fths  of  the  pitch,  and  the  effective  breadth 

of  the  teeth  should  not  be  reckoned  as  exceeding  twice  the 

length;  any  additional  breadth  being  good  for  wear,  but  not  for 

strength.    In  the  Soho  practice  the  length  of  the  teeth  is  made 

^ths  of  the  pitch  outside,  and  -^ihs  of  the  pitch  inside  of  the 

pitch  circle,  the  whole  length  being  -^ths  or  fths  of  the  pitch. 

The  London  practice  is  to  divide  the  pitch  into  12  parts,  and  to 

a^ust  the  length  of  the  tooth  by  allowing  ^ths  without,  and 

^jths  within  the  pitch  circle,  the  entire  length  of  tooth  being 

T^ths  of  the  pitch.    The  projection  of  the  teeth  beyond  the  pitch 

oirde  will  be  ith  of  the  pitch,  and  the  surface  in  contact  between 
11* 
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the  teeth  of  the  two  wheels  will  be  half  the  pitch.  About  itE^ 
of  the  pitch  should  be  left  unoccupied  at  the  bottom  of  the  teetfc^ 
for  clearance. 

With  regard  to  the  least  number  of  teeth  that  is  admissible  iot^ 
the  smaller  of  two  wheels  working  together,  12  to  18  teeth  wilL 
answer  well  enough  in  crane  work,  where  a  pinion  is  employed, 
to  give  motion  to  a  wheel  at  a  low  rate  of  speed.    But  for  quick 
motions,  a  pinion  driven  by  a  wheel  should  never  have  less  than 
from  80  to  40  teeth. 

The  best  form  of  teeth  is  the  epicycloidal,  and  in  general  the 
proper  curve  is  obtained  by  rolling  a  circle  of  wood  carrying  a 
pencil  on  another  cii'de  of  wood  answering  to  the  pitch  circle, 
the  point  of  the  tooth  being  described  by  the  rolling  circle  trav- 
ersing the  outside  of  the  pitch  line,  and  the  root  by  traversing 
the  inside  of  the  pitch  line.  The  diameter  of  the  rolling  circle 
should  be  2*22  times  the  pitch.  Some  teeth  are  not  epicydoi- 
dal,  but  the  roots  are  radii  of  the  pitch  circle,  and  the  pointB 
are  described  with  compasses  from  the  pitch  centre  of  the  next 
tooth. 

In  the  following  table  will  be  found  the  thickness  and  pitch 
of  teeth  answering  to  different  amounts  of  load  or  pressure  at  the 
pitch  circles.  But  it  may  here  be  remarked  that  saoh  large 
pitches  as  12  and  13  inches  are  practically  not  used.  In  cases 
where  such  large  pressures  are  to  be  transmitted  as  answer  to 
pitches  over  6  inches  or  thereabout,  it  is  usual  to  distribute  the 
load,  by  placing  two  or  more  parallel  wheels  upon  the  same  shaft, 
working  into  corresponding  pinions ;  and  it  is  also  usual  to  set 
the  teeth  of  each  wheel  a  little  in  advance  of  the  teeth  of  the 
wheel  next  it,  so  as  to  divide  the  pitch,  and  thus  render  the 
action  of  the  teeth  smoother  and  more  continuous. 
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FU^of 

1 

Pttehof 

FMMmfaillw. 

tMlhiBilMkM^ 

ThlekBMS 

Piwnm  Inlbi. 

tMthfai  iaehM^ 

ThtflklUM 

aftth* 

aUowfaic. 

oflettiilB 

•ttlM 

•UowiBf 

oftMthin 

lltdidTCUk 

laehM. 

pltekdzeU. 

olM-U&th  for 

laehM. 

elWUtMlMb 

elMrmno*. 

S88-88 

•798 

-88 

11666-66 

6-6706 

2*7008 

a49'95 

•981 

•467 

18999-98 

6-2118 

2*9680 

460^ 

1184 

•540 

16888-81 

6-7099 

8*1968 

ARft-82 

1-268 

•604 

18666*64 

7*1728 

8-4166 

099^ 

1-888 

•661 

20099-97 

7-6079 

8*0228 

816*66 

1-6 

-716 

28888-8 

8-0194 

8*8188 

988-82 

1-604 

•768 

26666-68 

8-4109 

4-0068 
4-1882 

1049-98 

1-7 

•809 

27999-96 

8-7848 

1166*66 

1-798 

•864 

80888-29 

9-1470 

4*8667 

1888-81 

1-88 

-896 

82666-62 

9-4887 

4*6184 

1899-98 

1*964 

-985 

84999-96 

9-8218 

4-6770 

1616-64 

2-044 

•978 

87888-28 

10-1489 

4-8804 

1688-81 

2*121 

1-04 

89666-61 

10-4660 

4-9790 

1749-97 

2*196 

1-046 

41999-94 

10*7692 

6*1284 

1866-64 

2-268 

1-08 

44888-27 

11-0540 

5*2688 

1988-8 

2-888 

1*118 

46666*6 

11-8412 

6-4006 

S099-97 

2^6 

1*146 

49999*98 

11*7881 

5-5806 
6*n92 

2816-68 

2-471 

1*177 

62888-26 

12-0108 

8888-8 

2-688 

1*208 

64666*50 

12*2749 

6-8458 

2449-96 

2-598 

1*287 

66999-92 

12-5841 

6-9686 

2566-68 

2-669 

1-266 

59888*26 

12*7888 

6*0897 

2888-89 

2*720 

1-296 

60666-58 

12-9810 

6*1676 

2799i)6 

2-777 

1-822 

62999*91 

18-1778 

6*2749 

4666-66 

8*586 

1-7078 

65888*24 

18-8898 

6-8760 

(S99-99 

4-8924 

2-0916 

67666-67 

18-6566 

6-5081 

9888«2 

6-0719 

2-4152 

09999-99 

18-8901 

6-6148 

It  will  be  nsefdl  to  illustrate  the  application  of  these  rules  to 
the  case  of  heavy  gearing  by  one  or  two  practical  examples. 

In  a  steamer  with  engines  by  Messrs.  Penn  and  Son  there 

sre  two  cylinders  of  82^  inches  diameter  and  6  feet  stroke, 

giving  motion  to  a  toothed  wheel  14  feet  diameter  consisting  of 

four  fflmilar  wheels  bolted  together,  the  teeth  being  12  Inches 

broad  and  6*86  inches  pitch.    The  area  of  a  cylinder  82i  inches 

being  5,846  square  inches,  there  will  be  a  total  pressure  on  the 

piston — ^if  we  reckon  the  mean  average  pressure  upon  each  square 

inch  at  25  lbs. — of  133,650  lbs.    But  as  there  are  two  pistons,  the 

total  pressure  on  the  two  pistons  will  be  267,300  lbs.    Now  the 

diameter  of  the  geared  wheel  being  14  feet,  its  circumference 

^  be  44  feet,  and  as  at  each  movement  of  the  pistons  up  and 

<iown  through  the  length  of  the  stroke,  or  through  a  distance 

of  12  feet,  the  wheel  makes  one  revolution,  or  moves  through  44 

feet,  the  pressure  at  the  circumference  of  the  wheel  will  be  less 
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than  that  on  the  pistons  in  the  proportion  in  wliich  44  ezoeedB-- 
12,  so  that  bjiQnitiplying  267,300  by  12  and  dividing  the  product 
by  44  we  get  the  eqnivnlent  or  balancing  pressure  at  the  circatnfer- 
enceof  the  wheel,  and  which  in  69,673  lbs.  Aa,  however,  tliis  load 
is  distributed  among  four  wheels,  there  will  only  be  one-fonith  of 
69,673,  or  l7,4I8  lbs.  to  be  borne  by  each  of  them.  According 
to  tie  role  we  have  given,  therefore,  the  square  root  of  17,418 
multiplied  by  ■035  will  be  the  proper  thickness  of  each  tooth  in 
inches.  Now  V17,418  =  132,  and  132  x  -025  =  8-3,whioh  by  onr 
rnle  is  tlie  proper  thickness  of  the  tooth  in  inches,  and  twice  this, 
or  6-6,  with  one-tenth  or  -3  for  clearance,  will  be  the  pitch  =  B'B, 
whereas  the  actnol  pitch  is  1  inch  less  than  this.  If  the  mnlt^ 
plier  be  made  '02,  instead  of  -025,  the  value  obtained  will  agree 
more  nearly  with  this  example,  as  132  x '03  =2'64i  which  will  bo 
the  thickness  of  tooth,  and  a'64  x  2  =  5-28,  to  which  adding  ^th 
of  the  thickness  of  the  tooth  for  clearance,  or  "264,  we  get  6'644 
indies  as  the  pitch.  If  we  take  the  pressure  at  20  lbs.  per  eqoare  - 
inch  on  the  pistons  instead  of  25  lbs.,  then  the  total  pressure  on 
the  two  pistons  will  be  213,840  lbs.,  which  reduced  to  the  equiv- 
alent pressure  at  the  periphery  of  the  wheel  wiU  be  68,830  lbs. 
The  fourth  of  this  is  14,580,  the  logarithm  of  which  is  4-1637B8, 
the  half  of  which  is  3-08187SI,  the  natural  number  answering  to  ' 
which  is  120-T,  which  multiplied  by  '035  —  S-1175,  which  ia  tlie  • 
proper  thickness  of  the  tooth  in  inches  for  this  amount  of  strain. ' 
It  wiD  be  seen,  therefore,  that  the  strength  which  oor  rale  giTM ' 
is  somewhat  greater  than  that  of  this  eiaraple. 

Let  ns  now  take  an  example  hy  a  different  mjikor,  and  we 
select  the  geared  engines  of  the  stenmer '  City  of  Glasgow,'  oon- 
strncted  hy  Messra.  Tod  and  Macgregor.  There  were  two  oySn^ 
dcre  in  this  vessel,  each  66  inches  diameter  and  5  feet  stroke^  and 
the  motion  was  communioated  from  the  crank  shaft  to  the  sorow 
shaft  by  means  of  fonr  parallel  wheels,  7  feet  diameter,  8  indtu 
hroad,  and  4  inches  pitch.  The  area  of  a  cylinder  66  indies' 
diameter  ia  3,421  square  inches,  and  the  area  of  two  such  ojlin- 
ders  will,  consequently,  be  6,842  square  inches.  If  we  take  ths- 
pressnre  nrging  the  pistons  at  20  lbs.  per  square  inch,  the  totill 
pressure  on  the  pistons  will  be  136,840,  which  reduced  to  tha' 
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pressore  at  the  p^iplieiy  of  the  wheel — ^which  moyes  2*2  times 
Outer  than  the  pistons— will  be  62,200  lbs. ;  and  as  the  pressure 
B  diyided  among  fonr  wheels  there  will  be  one-fourth  of  62,200, 
>r  16,550  lbs.  on  each.  The  logarithm  of  this  number  is  4*1 91480, 
'^e  half  of  which  is  2*095715,  the  natm*al  number  answering 
bo  which  is  124*7,  and  124*7  multiplied  by  -025  =  8*1175,  which 
is  half  as  mi^ch  again  as  the  actual  strength  given  in  these 
wheels. 

We  may  take  still  another  example,  and  shall  select  the  case 
of  the  ^Eire  Queen,'  a  screw  yatch  constructed  by  Messrs. 
Bobert  !N'apler  and  Sons.  In  this  vessel  there  are  two  cylinders, 
Q8oh  of  86  inches  diameter  and  86  inches  stroke,  and  the  motion 
is  oommunioated  from  the  crank  shaft  to  the  screw  shaft  through 
tihe  medium  of  three  parallel  wheels  8^  feet  diameter  placed  on 
the  end  of  the  crank  shaft.  The  pitch  of  the  teeth  is  8*55  inches, 
Aid  two  of  the  wheels  are  4  inches  broad,  and  one  of  them  6 
inAes  broad.  The  two  narrow  wheels  may  be  reckoned  as  equiv- 
slent  to  one  broad  one,  so  we  may  consider  the  strain  to  be 
divided  between  two  wheels.  The  area  of  each  cylinder  is 
1,018  square  inches,  and  if  we  reckon  two  cylinders  of  this  area, 
with  a  pressure  of  20  lbs.  per  square  inch,  urging  the  piston  of 
fiwh,  the  total  pressure  urging  the  pistons  will  be  40,720  lbs. 
The  double  stroke  of  the  piston  is  6  feet,  and  the  circumference 
of  the  wheel  is  26*7  feet ;  and  as  the  wheel  revolves  once  while 
tihe  pistons  are  making  a  double  stroke,  the  relative  velocities  will 
be  6  and  26*7,  Mid  the  relative  pressures  26*7  and  6.  Multiply- 
ing, therefore,  40,720  by  6  and  dividing  by  26*7,  we  get  9,150  lbs. 
•8  the  pressure  at  the  circumference  of  the  wheel ;  and  as  this 
Joad  is  to  be  divided  between  two  wheels,  there  will  be  a  load 
of  4,675  lbs.  upon  each.  The  logarithm  of  4,575  is  3*660391, 
the  half  of  which  is  1*830195,  the  natural  number  answering  to 
which  is  67*64,  which  multiplied  by  '025  gives  1*691  as  the  proper 
thickness  of  tooth  in  this  wheel.  Twice  1*691  is  8*382,  to  which 
if  we  add  ^i^th  of  the  thickness  of  the  tooth,  or  *169  for  clear- 
ance, we  get  8*55  as  the  proper  pitch  of  this  wheel,  and  this  is 
^e  very  pitch  which  is  really  ^ven.  In  this  case,  therefore 
the  rule  and  the  example  perfectly  correspond.    The  rule  gives- 
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suffioient  strength  to  represent  the  mean  thickness  of  wooden 
and  iron  teeth — the  wooden  teeth  heing  a  little  thicker,  and  the 
iron  teeth  a  little  thinner  than  the  amount  which  the  role  pre- 
sorihes. 

MARINE  ENGINES. 

The  rules  which  I  have  ^ven  in  my  "Catechism  of  the 
Steam-Engrne  "  for  fixing  the  proper  proportions  of  the  parts  of 
marine  engines,  take  into  account  the  pressure  of  the  steam  yn^ 
which  the  engine  works.  But  in  order  that  the  proportions  thai 
arrived  at  may  be  more  easily  comparable  with  the  proportions 
subsisting  in  the  engines  of  different  constructors,  in  which 
the  pressure  is  assumed  as  tolerably  uniform,  it  will  be  mort 
convenient  so  to  frame  the  rules  that  a  uniform  pressure  of  25 
lbs.  per  square  inch  of  the  area  of  the  piston  shall  be  supposed  to 
be  at  all  times  existing.  In  cases  where  it  is  desired  to  ascer- 
tain the  dimensions  proper  for  a  greater  pressure  than  25  lbs.,  it 
will  be  easy  to  arrive  at  the  right  result  by  taking  an  imaginary 
cylinder  of  as  much  greater  area  than  the  real  cylinder  as  the 
real  pressure  exceeds  the  assumed  pressure  of  25  lbs.,  and  then 
by  computing  the  strengths  and  other  proportions  as  if  for  this 
imaginary  cylinder,  they  will  be  those  proper  for  the  real  cylin- 
der. Thus  if  it  be  desired  to  ascertain  the  strengths  proper  for 
an  engine  with  a  cylinder  of  30  inches  diameter,  and  with  b 
pressure  on  the  piston  of  100  lbs.  on  the  square  inch,  the  end 
will  be  attained  if  we  determine  the  strengths  proper  for  an 
engine  of  60  inches  diameter,  and  with  25  lbs.  pressure  on  the 
square  inch ;  for  the  area  of  the  larger  cylinder  being  four  times 
greater  than  that  of  the  smaller,  the  same  total  force  will  be  ex- 
erted with  one-fourth  of  the  pressure.  So,  in  like  manner,  if  it 
be  wished  to  ascertain  the  strengths  proper  for  an  engine  with  a 
cylinder  30  inches  diameter,  and  with  a  pressure  on  the  pisten 
of  50  lbs.  per  square  inch,  we  shall  find  them  by  determining 
the  proportions  suitable  for  an  engine  with  an  area  of  piston 
twice  greater  than  the  area  of  a  piston  30  inches  diameter,  and 
which  area  wUl  be  that  answering  to  a  diameter  of  42^  inches. 
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Y  this  mode  of  procedure  a  table  of  proportions  adapted  to  the 
rdinary  pressures  will  be  made  available  for  determining  the 
7q>ortions  suitable  for  all  pressures,  as  we  have  only  to  fix  upon 
1  assumed  cylinder  which  shall  have  as  much  more  area  as  the 
itended  pressure  has  an  excess  of  pressure  over  25  lbs.  per 
piare  inch,  and  the  proportions  proper  for  this  assumed  cylin- 
er  will  be  those  proper  for  the  real  cylinder  with  the  pressure 
itended.  In  this  way  the  strengths  fixed  for  marine  engines 
tty  also  be  made  applicable  to  locomotives  and  to  high  and  low 
WBSure  engines  of  every  kind.  In  the  following  rules,  there- 
xre,  it  will  be  understood  the  strengths  and  other  proportions 
CBlbose  proper  to  an  assumed  pressure  on  the  piston,  including 
•earn  and  vacuum,  of  25  lbs.  per  square  inch,  and  the  computa- 
0Q8  are  for  side  lever  engines,  but  for  the  most  part  are  appli- 
itie  to  all  kinds  of  engines. 


CROSSHEAD. 

>  FIND    THE    PBOPEB    THICKNESS    OF  THE  WEB    OF  THE    OBOSS- 

HEAD  AT   THE  MIDDLE. 

Dui. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  '072. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '072  =  2*880  inches,  which  is  the  proper 
ickness  of  the  web  of  the  crosshead  at  the  middle  in  this  en- 
He. 

Example  2. — Let  64  inches  be  the  diameter  of  cylinder. 

Then  64  inches  x  '072  =  4*608  inches,  which  is  the  proper 
lickness  of  the  web  of  the  crosshead  at  the  middle  in  this  en- 
ae. 

>  nin>    THE    PBOPEB    THICKNESS    OF    THE  WEB    OF    THE  OBOSS- 

HEAD  AT  THE  JOUENAL. 

'^^^— Multiply  the  diameter  of  the  cylinder  in  inches  hy  *061, 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  *061  =  2*440  inches,  which  is  the  proper 
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thickness  of  the  web  of  the  crosshead  at  the  jonmal  in  this  en- 
gine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cjlinder. 

Then  64  inches  x  '061  =  8-904  inches,  which  is  the  proper 
thickness  of  the  web  of  the  crosshead  at  the  Jonmal  in  fhis  ^- 
gine. 

TO  FIND    THE    PBOPBE    DEPTH    OF  THE  WEB    OV  THE  CBOBSHBAB 

AT  THE  lODDLE. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  •268. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  -268  =  10-720  inches,  which  is  the  proptf 
depth  of  the  web  of  the  crosshead  at  the  middle  in  this  en^^. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  -268  =  17*152  inches,  which  is  the  proper 
depth  of  the  web  of  the  crosshead  at  the  middle  in  this  engiBO. 

TO  FDH)  THE  PBOPBE    DEPTH    OF  THE  WEB    OF    THE    0E08SHBAJ> 

AT  JOUENALS. 

Bttle. — Multiply  th^  diameter  of  the  cylinder  in  inches  JylOl* 

Example  1. — Let  40  inches  be  the  diameter  of  cylinder. 

Then  40  inches  x  -101  =  4*040  inches,  which  is  the  proper 
depth  of  the  web  of  the  crosshead  at  joomals  in  this  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *101  =6*464  inches,  which  is  the  proper 
depth  of  the  web  of  the  crosshead  at  journals  in  this  engine. 

TO  FIND  THE  PBOPEB  DIAMETEB   OF  THE  JOTJBNALS  OF  THE  OBOSfr 

HEAD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  '^ 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  *086  =  8*440  inches,  which  is  the  proper 
diameter  of  the  journals  of  the  crosshead  in  this  engine. 
Example  2. — ^Let  64  inches  be  the  diameter  of  cylinder. 


ixoEEirszoira  of  the  obosshbad.  257 

Thfio  64  inches  x  *086  =  6*504  inches,  which  is  the  proper 
diameter  of  the  jonmal  of  crosshead  in  this  engine. 

10  nND  THE  PBOFEB  LENGTH  OF  THE  JOUBNALS  OF  THE  OBOSS- 

HEAD. 

The  length  of  the  journals  of  the  crossheads  should  be  equal 
to  about  11  times  their  diameter,  but  on  the  whole  it  appears  to 
h  advisable  to  make  the  journals  of  the  crosshead  as  long  as 
fliey  can  be  conveniently  got. 

TO  FIND  THE  PBOPEB  THICKNESS  OF  THE  EYE  OF  THE 

OBOSSHEAD. 

Rue.— JftiZ^^Zy  tJie  dia/raeter  qffhe  cylinder  in  incites  lyy  '041. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  '041  =  1*640  inches,  which  is  the  proi>er 
thickness  of  the  eye  of  the  crosshead  in  this  engine. 

JExample  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  '041  =  2*624  inches,  which  is  the  proper 
thickness  of  the  eye  of  the  crosshead  in  this  engine. 

TO  FIND  THE  PBOPEB  DEPTH  OF  THE  EYE  OF  THE  OBOSSHEAD. 

Ruts. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *286. 

Example  1. — ^Let  40  iuches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  *286  =  11*440  inches,  which  is  the  proper 
depth  of  the  eye  of  the  crosshead  in  this  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  -286  =  18*304  inches,  which  is  the  proper 
depth  of  the  eye  of  the  crosshead  in  this  engine. 

TO  FIND  THE  PBOPEB  DEPTH  OF  GIBS  AND  OTJTTEB  PASSING 

THBOUGH  THE  OBOSSHEAD. 

Bulk. — Multiply  the  diamster  of  the  cylinder  i/n  inches  "by  *105. 
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Example  1. — ^Let  40  inches  be  the  diameter  of  the  cjlinder. 
.   Then  40  inches  x  *105  =  4*200  inches,  which  is  the  pnqter 
depth  of  the  gibs  and  cutter  passing  throngh  the  crosshead  in 
this  en^e. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '105  =  6*720  inches,  which  is  the  proper 
depth  of  the  gibs  and  cutter  passing  through  the  crosshead  in 
this  engine. 

TO  FIND  THE  PBOPBB  THIOENESS  OF  THE  GIBS  KSD  OUTTXB 
PASSma  THBOUGH  THE  OBOSSHEAD. 

BuLE. — Multiply  the  diameter  of  tJie  cylinder  in  inches  ly  'OSl. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '021  =  '840  inches,  which  is  the  proper 
(ihickness  of  the  gibs  and  cutter  passing  through  the  crosshead 
in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  -021  =  1*344  inches,  which  is  the  proper 
thickness  of  the  gibs  and  cutter  passing  through  the  crosshead 
In  this  engine. 


SIDE  RODS. 

TO  FIND  THE  PBOPEB  DIAMETEB  OF  THE  OTLINDEB  SIDE  BOSS 

AT  THE  ENDS. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  •066' 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *065  =  2*600  inches,  which  is  the  proper 
diameter  of  cylinder  side  rods  at  ends  in  this  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *065  =  4*160  inches,  which  is  the  proper 
diameter  of  the  cylinder  side  rods  at  ends  in  this  engine. 

The  diameter  of  the  side  rods  at  the  middle  should  be  about 
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e-foitrtih  more  than  the  diameter  at  the  ends.  Thus  a  side  rod 
nches  diameter  at  the  ends  will  be  6^  inches  diameter  at  the 
ddle. 

The  area  of  the  horizontal  section  of  iron  through  the  middle 
eye  of  side  rod  is  nsnally  abont  one-half  greater  than  the  sec- 
msl  area  of  the  side  rod  at  ends. 

0  mm  THE  PBOFEB  BBEADTH  OF  THE  BUTT  OF  THE  SIDE  BOD 

m  INCHES. 

HIE. — Multiply  the  diameter  of  the  cylinder  in  incTt^ea  hy  '077. 

JSkample  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  '077  =  8*080  inches,  which  is  the  proper 
^eadtli  of  butt  of  side  rod  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  '077  =  4*928  inches,  which  is  the  proper 
•eadth  of  butt  in  this  engine. 

TO  FmD  THE  PBOPEB  THIOENESS  OF  THE  BUTT  OF  THE  SIDE 

BODS. 

JLE. — Multiply  the  diameter  of  ths  cylinder  in  inch^es  hy  '061. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  '061  =  2*440  inches,  which  is  the  proper 
ickness  of  the  butt  of  the  side  rod  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  '061  =  3*904  inches,  which  is  the  proper 
ickness  of  tiie  bntt  of  the  side  rod  in  this  engine. 

0  FIND  THE  PBOPEB  MEAN  THICKNESS  OF  THE  STBAP  OF  THE 

SIDE  BOD  AT  THE   CUTTEB. 

JiE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  '032. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '032  =  1*280  inches,  which  is  the  proper 
^an  thickness  of  the  strap  of  side  rod  at  the  cutter  in  this 
gine. 
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Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *082  =  2*048  inches,  which  is  the  propa 
mean  thickness  of  the  strap  of  side  rod  at  the  cutter  UiihiB 
engine. 

TO  FIND  THE  PBOPEB  MEAN  THI0ENES8  OF  THE  STRAP  OF  fflDB 

BOD  BELOW  THE  OTJTTEB. 

Bulb. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  '02^ 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '023 ='92  inches,  which  is  the  proper  xaeflB 
thickness  of  the  strap  of  the  side  rod  below  the  cutter  in  this 
engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '023  =  1*472  inch^  which  is  the  prop* 
mean  thickness  of  the  strap  of  the  side  rod  below  the  cutter  in 
this  engine. 

TO  FIND  THE  PBOPEB  DEPTH  OF  THE  GIBS  AND  OITTTEB  OF 

SIDE  BOD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *08. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  -08  =  3*20  inches,  which  is  the  proper 
depth  of  gibs  and  cutter  of  side  rod  in  this  en^ne. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '08  =  5'12  inches,  which  is  the  proper 
depth  of  gibs  and  cutter  of  side  rod  in  this  engine. 

TO  FIND  THE  PBOPEB  THIOEINESS  OF   GIBS  AND  OUTTEB  OF 

SIDE  BOD. 

Rule. — Multiply  the  diam^eter  of  the  cylinder  in  inches  hy  *016. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '016  =  '64  inches,  which  is  tie  proper 
thickness  of  gibs  and  cutter  of  side  rod  in  this  engine. 

Example  2. — ^Let  64  inches  equal  the  diameter  of  cylinder. 

Then  64  inches  x  '016  =  1'02  inches,  which  is  the  proper 
thickness  of  gibs  and  cutter  of  side  rod  in  this  engine. 
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PISTON  ROD. 

TO  nHD  THB  FROFEB  DIAMXTXB  OF  THB  FISTON  BOD. 

Bulb. — DMde  the  diameter  of  the  cylinder  in  inches  J>y  10. 

Example  1. — ^Let  40  inohes  be  the  diameter  of  the  cylinder. 
Then  40  inches  + 10  =  4*0  inches,  which  is  the  proper  diame- 
ter of  piston  rod  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  + 10  =  6*4  inches,  which  is  the  proper  diame- 
ter of  piston  rod  in  this  engine. 

TO  nND  THE  FBOPEB  LENGTH  OF  THE  FABT  OF  THE  FISTON  BOD 

m  THE  FISTON. 

Bcu. — Diffide  the  diameter  of  the  cylinder  in  inches  hy  6. 

I       Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  -*-  6  =  8*0  inches,  which  is  the  proper  length 
of  the  part  of  the  piston  rod  in  the  piston  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  +  6  =  12*8  inches,  which  is  the  proper  length 
of  the  part  of  the  piston  rod  in  the  piston  in  this  engine. 

10  FDTD    THE    MAJOB   DIAMBTEB    OF    THE    PABT    OF  THE  FISTON 

BOD  IN  THE  PISTON. 

Euia. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  '14. 

Example  1. — ^Let  40  inches  equal  the  diameter  of  cylinder. 
Then  40  inches  x  '14  =  5*60  inches,  which  is  the  proper 
or  diameter  of  the  part  of  the  piston  rod  in  piston  in  tbis 


I 


Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '14  =  8*96  inches,  which  is  the  proper 
in^or  diameter  of  the  part  of  the  piston  rod  in  piston  in  this 
eDgme. 

TO  SIND   THE    MINOB    DIAMETEB    OF    THB    PABT    OF   THB   PISTON 

BOD  IN  THB  PISTON. 

BiTLE. — Multiply  the  diameter  of  the  cylinder  in  inches  Jyy  *115. 
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Example  1. — ^Let  40  isolies  be  the  diameter  of  the  oyBnder. 

Then  40  inches  x  *115  =  4*600  inches,  which  is  the  pn^er 
minor  diameter  of  the  part  of  the  piston  rod  in  piston  in  tius 
engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder* 

Then  64  inches  x  'US  =7*860  inches,  which  is  the  proper 
minor  diameter  of  the  part  of  the  piston  rod  in  piston  in  1^ 
engine. 

TO  Fmn  THE    MAJOB    DIAMBTEB    OF    THE  PAST    OF    THE  nSTOV 

BOD  IN  THE  OBOSSHSAD. 

KuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  5y  'Olft 

Mcample  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  laches  x  -095  =  8*800  inches,  which  is  the  pr(^ 
mi^or  diameter  of  the  part  of  the  piston  rod  in  the  orossheid 
in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *095  =  6*080  inches,  which  is  the  proper 
mcgor  diameter  of  the  part  of  the  piston  rod  in  the  crossheadin 
this  engine. 

TO    JFISD    THE    MINOB    DIAMETEB    OF    THE   PABT   OF   THE  PIBX<^ 

BOD  m  OBOSSHEAD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  5y*09. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  -09  =  8*60  inches,  which  is  the  proper 
minor  diameter  of  the  part  of  the  piston  rod  in  crosshead  in  ^ 
engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *09  =  5*76  inches,  which  is  the  prop* 
minor  diameter  of  the  part  of  the  piston  rod  in  crosshead  in  tbiB 
engine. 

TO  FIND  THE  PBOPBB    DEPTH    OF    THE  OTJTTEB  THBOTJOH  PISTOt 

KuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  '085. 
Example  1.— Let  40  inches  be  the  diameter  of  the  cylinder. 
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Then  40  inohes  x  '085  =  8*400  inches,  which  is  the  proper 
topth  cf  the  cutter  through  the  piston  in  this  engine. 

Example  2.— Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *085  =  5*440  inches,  which  is  the  proper 
depth  of  the  cutter  through  the  piston  in  this  engine. 

TO    FIND    THB    FBOPEB    THICKNESS    OF    THB    OUTTBB     THBOTJGH 

PISTON. 

Bulb. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *035. 

Example  1. — ^Let  40  inches  by  the  diameter  of  the  cylinder. 

Then  40  inches  x  '035  =  1*400  inches,  which  is  the  proper 
fUokness  of  cutter  through  the  piston  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *085  =  2*240  inches,  which  is  the  proper 
tUdness  of  cutter  through  piston  in  this  engine. 


OONNEOTING-ROD. 

TO  FOn)    THB    FBOPEB    DIAMETEB   OF    THE    OONNEOTINO-BOD    AT 

THB  ENDS. 

inii,-^Multiply  the  diameter  of  the  cylinder  in  inches  ly  '095. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *095  =  3*800  inches,  which  is  the  proper 
fameter  of  the  connecting-rod  at  the  ends  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
"•  ''  Then  64  inches  x  '095  =  6*080  inches,  which  is  the  proper 
^uneter  of  the  connecting-rod  at  the  ends  in  this  engine. 

The  diameter  of  the  connecting-rod  at  the  middle  will  vary 
Idth  the  length,  but  is  usually  one-fifth  more  than  the  diameter 
It  the  ends.  Thus  a  connecting-rod  7*7  inches  diameter  at  the 
ends  will  be  9*25  inches  diameter  at  the  middle. 

fO    FIND    THB   MAJOB  DIAMETEB    OF    THB   PAET  OF  OONNEOTING- 

BOD  IN  THB  OBOSSTAIL. 

kULB. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  *098. 
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Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  "098  =  8*920  inches,  which  is  the  pn^ 
nugor  diameter  of  the  part  of  the  connecting-rod  in  the  oroflfr- 
tail  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  -098  =  6*272  inches,  which  is  the  proper 
mijor  diameter  of  the  part  of  connecting-rod  entering  thecros- 
tail  in  this  engine. 

TO  Fmn  THE  PBOPEB    MINOB    DIAHETEB    OF    THE   PABT  OF  OOV' 
KSOTINChBOD  SNTEBDirG-  THE  OBOSSTAIL. 

HxTLB. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  "(H). 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '09  =  8*60  inches,  which  is  the  proper 
minor  diameter  of  the  part  of  the  connecting-rod  in  the  oiofli' 
tail  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '09  =  5*76  inches,  which  is  the  proper 
minor  diameter  of  the  part  of  the  connecting  rod  in  the  croflft" 
tail  in  this  engine. 

TO  Fmn    THE    PEOPKE    BBEADTH    OP    BUTT  OP   THE  OONlSBCmNfl- 

BOD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  '15^ 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '156  =  6*240  inches,  which  is  the  pioptf 
breadth  of  the  butt  of  connecting-rod  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cyHndef* 

Then  64  iDches  x  '156  =  9*984  inches,  which  is  the  pr(^ 
breadth  of  the  butt  of  the  connecting-rod  in  this  engine. 

TO    PUm    THE    PBOPEB    THIOKNESS    OF    THE    BUTT    OF    THE  OOJ* 

NEOTINChBOD. 

KuLE. — Divide  the  diameter  of  the  cylinder  in  inches  dy  8. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  -^  8  =  5*00  inches,  which  is  the  proper  thick' 
ness  of  the  butt  of  the  connecting-rod  in  this  engine. 
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Msam^Ble  2."Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  -4-  8  =  8-00  inches,  which  is  the  proper  thick- 
ness of  the  bntt  of  the  connecting-rod  in  this  engine. 

TO  BND  XHB  FBOFEB    HEA]ff    THICKNESS   OF  THE  STRAP  OF  OOlSr- 

NEOTJLNG-BOD  AT  THE  OUTTEB. 

Hxut^— Multiply  the  diameter  of  the  cylinder  in  inches  hy  *048. 

Hxample  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '043  =  1*720  inches,  which  is  the  proper 
Btean  thickness  of  the  connecting-rod  strap  at  the  cntter  in  this 
engine. 
■  Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *048  =  2*762  inches,  which  is  the  proper 
.inesa  thickness  of  the  connecting-rod  strap  at  the  cntter  in  this 
engine. 

10  KIND  THE  PBOPEB  T£RA3S(  THIGEmCSS  OF  THE  OOJM^KOTLN Q-SOD 

STBAP  ABOVE  OUTTEB. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  '082. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '032  =  1*280  inches,  which  is  the  proper 
mean  thickness  of  the  connecting-rod  strap  above  the  cntter  in 
fldB  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '032  =  2*048  inches,  which  is  the  proper 
mean  thickness  of  the  connecting-rod  strap  above  the  cntter  in 
tUg  engine. 

10  FIND  THE  PBOPEB  DISTANCE  OF  OUTTEB  FBOM  END  OF  STBAP 

OF  OONNEOTING-BOD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *048. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  "048  =  1*920  inches,  which  is  the  proper 
Stance  of  the  cntter  from  the  end  of  the  strap  of  the  connect- 
ng-rod  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
12 


266  PPOPOETI0N3   OF  8TEAJI- 

Then  64  inettea  x  '048  =  3-0T2  inchca,  which  ia  the  premier 
dktanoe  of  the  cntt«r  from  the  end  of  the  etrap  of  the  eoimeot- 
ing-rod  in  this  engine. 


RvLB. — Multiply  the  diameter  fifths  cylinder  in  inehm  i]/  'IDS. 

Example  1, — Let  40  inches  be  the  dkmeter  of  the  cylinder. 

Then  40  inches  x  -105  =  4*20  inches,  which  is  the  peeper 
depth  of  the  gibs  and  cntter  passing  throngb  the  crosstsil  in  this 
engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  ojlinder. 

Then  64  inches  x  '105  =  6T30  inches,  which  is  the  proper 
depth  of  the  gibs  and  cutter  passing  through  the  orosstail  in  thii 
engine. 

The  thictness  of  the  ontters  passing  through  the  croaatail  will 
be  the  same  as  the  thickness  of  those  pas^g  through  the  orosa- 


TO   BIND   THB   PEOPKB   DEPTH  OF  THB   BIBS   ABD   OCl 
THE   BUTT   OF  THE   COHKBOTllfO-ROD. 

^viSK.— Multiply  the  diameter  of  the  cylinder  in  inehe*  hy  -ll. ' 

Example  1. — Let  40  inohea  be  the  diameter  of  the  oj'lindN. 

Then  40  inches  X  'll  =  4'40  inches,  which  ia  the  proper 
depth  of  the  giha  and  ontter  passing  through  the  hntt  of  the 
connecting-rod  in  this  engine. 

Example  3.— Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  ■!!  =  7'04  inches,  which  is  the  proper 
depth  of  the  gibs  and  cntter  passing  through  the  butt  of  the  cm- 
necting-rod  in  thia  engine. 


"Rvh^— Multiply  the  diameter  qf  the  ot/Under  in  incite*  hy  "OSCi 
Example  1. — Let  40  inohea  be  the  diameter  of  the  cjlindm. 
Theu  40  inohea  x  '029  =  1-160  inches,  which  ia  the  proper 
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thioJmess  of  the  gibs  and  ontter  passing  through  the  bntt  of  the 
cQxmeoting-rod  in  this  engine. 

.Excm^U  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  '029  =  1'856  inches,  which  is  the  proper 
thickness  of  the  gibs  and  cntter  passing  through  the  bntt  of  the 
connecting-rod  in  this  engine. 


CROSSTAIL. 

The  crosstail  is  made  in  all  respects  the  same  as  the  cross- 
liead,  except  that  the  end  journals,  where  the  crosstail  bntts  fit 
on,  are  made  so  that  the  length  is  only  equal  to  the  diameter  of 
the  journal,  instead  of  being  about  1^  times,  as  in  the  crosshead. 
But  as  the  crosstail  butts  do  not  work  on  these  journals  or  gudg- 
Moa,  but  are  keyed  fast  upon  them,  the  shorter  length  is  pre- 
^ble.  The  butts  of  the  crosstail  have  the  eyes  nearly  twice 
the  diameter  of  the  journals,  or  more  accurately  1*8  times,  and 
l^e  butts  for  the  reception  of  the  straps  for  connecting  to  the 
sldeleyer  are  made  of  the  same  dimensions  as  the  butts  of  the 
side  rods. 

SIDE  LEVER  AND  STUDS  OR  CENTRES. 

The  side  lever  is  usually  made  of  cast-iron.  But  it  should  be 
fa  all  cases  encircled  by  a  strong  wrought-iron  hoop,  thinned  at 
the  edge  so  that  it  may  be^veted  or  bolted  all  along  to  a  flange 
<^t  on  the  beam  for  this  purpose,  and  forming  an  extension  of 
the  usual  edge  bead.  The  proportions  given  in  the  rules  are 
those  of  the  common  cast-iron  side  levers  as  usually  constructed. 
But  the  strength  will  be  increased  three  times  if  wrought-iron 
^  substituted  for  cast  in  the  top  and  bottom  flanges  or  edge 


^  FIND  THE  PEOPEB  DEPTH  OF  THE  BIDE  LEVEB  AOEOSS  THE 

OENTBE. 

BuLE. — Multiply  the  length  of  the  side  lever  in  feet  dy  '7423 ; 
extract  the  cube  root  of  the  product  and  reserve  the  root  for  a 
mulUplier,    Then  squa/re  the  diameter  of  the  cylinder  in 
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inehes;  extract  the  evhe  root  €f  the  square.  The  produd 
of  the  last  result^  and,  the  reserved  multiplier^  is  ^  depth  of 
the  side  lever  in  inches  across  the  centre. 

Example  1. — ^What  is  the  proper  depth  across  the  centre  of 
the  side  leyer  in  the  case  gf  on  engine  with  a  diameter  of  cylin- 
der of  64  inches  and  length  of  side  lever  of  20  feetf 

Here  20  =  length  of  side  lever  in  feet 
'7438  length  of  multiplier 

14*848  and  ^  14.846  =  2-468  neaily 

Also  64  =  diameter  of  ojlinder 
64 

4096  and  ^  4096  =  16 

Hence  depth  at  centre  =  16  x  ^458  =  89*80  inches,  or  be- 
tween 89|^  and  89  inches. 

Example  2. — ^What  is  the  proper  depth  across  the  centre  of 
the  side  lever  in  the  case  of  an  engine  with  a  diameter  of  (^lin- 
der  of  40  inches,  and  length  of  side  lever  of  16  feet. 

Here  15  =  length  of  side  lever 
•7428 


11*1846  and  ^11-1846  =  2*232 

Also  40  =  diameter  of  cyli^ider 
40 


1600  and  y  1600  =  11*69  which  x  2*232  =  26*09, 
or  a  little  over  26  inches. 

The  depth  of  the  side  lever  at  the  ends  is  determined  by  i^^ 
depth  of  the  eyes  round  the  end  studs.  The  thickness  of  the 
side  lever  is  usually  made  about  ^th  of  its  length,  and  the 
breadth  of  the  edge  bead  is  usually  made  about  -^  of  the  length 
of  the  lever  between  the  end  centres. 

TO  FIND  THE  PBOPEB  DIAMBTKB  OP  THE  MAIN  OENTBB  JOXJBNAI- 

RuLB. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  'ISS. 
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Msample  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *183  =  7*82  inches,  which  is  the  proper 
liameter  of  tiie  mam  centre  jonmal  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *188  =  11*712  inches,  which  is  the  proper 
iiameter  of  the  main  centre  jonmal  in  this  engme. 

TO  FIND  THE  LENGTH  OF  THE  MAIN  OENTEE  J0X7BNAL. 

Rthe. — Multiply  the  diameter  of  tTie  cylinder  in  inches  lyy  '276. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '275  =  11*00  inches,  which  is  the  proper 
length  of  the  main  centre  jonmal  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '276  =  17*60  inches,  which  is  the  proper 
length  of  the  main  centre  jonmal  in  this  engine. 

TO  FIND  THE  DIAIOTTEB  OF  THE  END  STUDS  OF  THE  BIDE  LEYEB. 

Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  lyy  '07. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '07  =  2*80  inches,  which  is  the  proper 
diameter  of  the  end  stnds  of  the  side  lever  in  this  engme. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '07  =  4*48  inches,  which  is  the  proper 
diameter  of  the  end  stnds  of  the  side  lever  in  this  engine. 

TO    FIND  THE    PSOPEB    LENGTH    OF  THE  END  STUDS  OF  THE  SIDB 

LEVEB. 

Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  '076. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '076  =  3*04  inches,  which  is  the  proper 
length  of  the  end  of  studs  of  the  side  lever  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '076  =  4*86  inches,  which  is  the  proper 
length  of  the  end  stnds  of  the  side  lever  in  this  engine. 

rO  FIND  THE  PBOPEB  DIAMETEB  OF  THE  AIB-PUMP  STUDS  IN  SIDE 

LEVEB. 

Rxtle. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  '045. 
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Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *045  =  1*80  inches,  which  is  the  proper 
diameter  of  the  stud  in  the  side  lever  for  working  the  air-pnmp 
of  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '045  =  2*88  inches,  which  is  the  propei 
diameter  of  the  air-pmnp  stnds  in  the  side  levers  of  this  engine. 

TO  FEND  THE  PBOFEB  LENGTH  OF  THE  AIB-FUMP  STUDS  SET  IN  THB 

SIDE  LEVEB. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  *049. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *049  =  1*96  inches,  which  is  the  proper 
length  of  the  air-pnmp  stnds  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '049  =  3*136  inches,  which  is  the  proper 
length  of  the  air-pnmp  stnds  in  this  en^e. 

TO  FIND  THE  FBOPEB  DEPTH  OF  THE  EYE  BOUND  THB  END  STUDS 

OF  SIDB  LEVEB. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  'OT^. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '074  =  2*96  inches,  which  is  the  proper 
depth  of  the  eye  ronnd  the  end  studs  of  the  side  lever  in  this  en- 
gine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '074  =  4*736  inches,  which  is  the  proper 
depth  of  the  eye  round  the  end  studs  of  the  side  lever  in  this  en- 
gine. 

It  is  clear  that  the  diameter  of  the  end  stud  added  to  twice 
the  deptit  of  the  metal  running  round  it  will  be  equal  to  the 
depth  of  the  side  lever  at  the  end 

Hence  2*1  -f  twice  2*96  =  8*72  will  be  the  depth  in  inches  of 
the  side  lever  at  the  ends  in  the  engine  with  the  40-inch  cf^' 
der,  and  4*48  -f  twice  4-736  =  13*95  will  be  the  depth  hi  inches 
of  the  side  lever  at  the  ends  in  the  engine  with  the  64-inch  Gy' 
inder. 
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TO  FIND  THB  THIOKNBfiB  OF  THE  ETB  BOTTND  THE  END  STUDS  OF 

BIDS  LEYEB. 

BiTLB. — Multiply  the  diameter  of  the  cylinder  in  inches  Jyy  *052. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *052  =  2*08  inches,  which  is  the  proper 
thickness  of  eye  of  side  lever  ronnd  the  end  studs  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *052  =  3*828  inches,  which  is  the  proper 
thiokness  of  eye  of  side  leyer  ronnd  the  end  stnds  in  this  engine. 

THE  ORANE. 

TO  FIND  THE  FBOFEB  DIAMETER  OF  THE  OBAKK-PIN  JOUBNAUS. 

RiTLB. — Multiply  the  diameter  of  the  cylinder  in  inches  Jyy  *142. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *142  =  5*680  inches,  which  is  the  proper 
diameter  of  the  crank-pin  jonmal  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *142  =  9*080  inches,  which  is  the  proper 
diameter  of  the  crank-pin  jonmal  in  this  engine. 

TO  FIND  THE  FBOPEB  LENGTH  OF  THE  OSANK-FIN  JOUBNAL. 

Bttxjb. — Multiply  the  diameter  of  the  cylinder  in  inches  dy  *16. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *16  =  6*40  inches,  which  is  the  proper 
length  of  the  crank-pin  jonmal  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *16  =  10*24  inches,  which  is  the  proper 
length  of  the  crank-pin  jonmal  in  this  engine. 

TO  FIND  THE  PBOPEB  THIOKNESS  OF  THE  SMALL  ETE  OF  OBANE. 

BI7I.B. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *068. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 
Then  40  inches  x  *06d  =  2*52  inches,  which  is  the  proper 
ihiclmess  of  the  small  eye  of  the  crank  in  this  engine. 


'  SIEAM-ESeiKE3. 

Example  2, — Let  64  inches  be  the  diameter  of  the  cylinder. 
Then  64  inches  x  "063  =  4'082  inehea,  whieh  ia  the  proper 
thiokness  of  the  Bmall  eye  of  the  crock  in  this  engine. 


Eoix. — Multiply  the  diameter  of  the  cylinder  in  incAw  6y  -IBT. 

Example  I, — Let  40  iaches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  "187  —  7'48  inches,  which  is  the  proper 
breadth  of  the  small  eje  of  the  crank  in  this  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '187  =  119fi8  inches,  which  ia  the  proper 
breadth  of  the  small  eye  of  the  crank  in  this  engine. 

niK   WBB   OP   OBAKK,   STIP- 
iSTBB   or   OEASK   PIN. 

BiTLB. — Multiply  the  diameter  of  the  cylinder  in  inekea  5y  'll. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  icohea  x  ■!!  =;  4'40  inches,  which  is  the  proper 
thickness  of  the  weh  of  crank  in  this  eo^e,  supposing  it  to  be 
continaed  so  far  aa  centre  of  pin. 

Example  2. — Lot  84  inches  be  the  diameter  of  the  cylinder. 

Then  64  Inches  x  '11  =7'04  inches,  which  is  the  proper 
thickneaa  of  the  weh  of  the  crank  in  this  engine,  snpposiiig  that 
the  thickness  were  to  be  continaed  to  the  centre  of  the  orank- 
pin  and  to  be  there  measorod. 


Eios. — Multiply  the  square  of  the  length  of  the  erani  in  tneiw 
by  1-561,  and  then  multiply  the  sqwire  (if  the  diameter  of 
tsylimdeT  in  inoha  "by  '1235.  Multiply  the  square  root  oftht 
wwa  of  thete  produeta  by  the  eqitare  of  the  diameter  nf  the  ej/l- 
inder  in  inehee  ;  dinide  thi»  quotient  iy  SGO  ;  ^nai 
the  cube  root  qf  the  quotient.  The  remit  it  the  thichnett  of 
the  Keb  of  the  cranh  at  paddle  shaft  centre  in  inehea. 
&awtpUl. — Whatistheproperthidniessof  the  web  of  crank 


J 
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at  the  centre  of  the  paddle-shaft,  sapposing  the  thickness  to  be 
continned  thither  and  there  measured,  in  the  case  of  an  engine 
with  a  diameter  of  cylinder  of  64  inches  and  stroke  of  8  feet. 

48  =  length  of  crank  in  inches 
48 

2304 

1*661  constant  multlptier 


3696*6 
605-8    product  of  W  and  '1286 


4102-8 


64  =  diameter  of  cylinder 
64 

4096 
•1285 


505*8 


and  V4102*3  =  64  06  neariy 

4096  =  square  of  diameter 


860)262348-5 


128-16 

And  J^28  =  9  nearly,  which  is  the  proper  thickness  in  inches  of  the 
crank  of  this  engine  measured  at  the  centre  of  the  paddle  shaft. 

Example  2. — ^What  is  the  proper  thickness  of  the  web  of  crank 
at  paddle-shaft  centre  in  the  case  of  an  engine  with  a  cylinder 
40  inches  in  diameter  and  stroke  of  5  feet? 

80  =  length  of  crank  in  inches 
30 

900  =  square  of  length  of  crank 
1*661  =  constant  multiplier 

1404-9 

12* 
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Jit  the  centre  of  the  paddle-shaft,  sapposing  the  thickness  to  he 
continned  thither  and  there  measured,  in  the  case  of  an  engine 
ivith  a  diameter  of  cylinder  of  64  inches  and  stroke  of  8  feet. 

48  =  length  of  crank  in  inches 
48 

2304 

1-661  constant  multlptier 


8696-5 
606-8    product  of  64^  and '1286 


4102-8 


64  =  diameter  of  cylinder 
64 


4096 
•1286 

606-8 

and  V4102-8  =  64  06  neariy 

4096  =  square  of  diameter 


860)262848-6 


728-76 

And  ^28  =  9  nearly,  which  is  the  proper  thickness  in  inches  of  the 
crank  of  this  enguie  measured  at  the  centre  of  the  paddle  shaft. 

JSxcmple  2. — ^What  is  the  proper  thickness  of  the  weh  of  crank 
at  paddle-shaft  centre  in  the  case  of  an  engine  with  a  cylinder 
40  inches  in  diameter  and  stroke  of  5  feet? 

80  =  length  of  crank  in  inches 
80 

900  =  square  of  length  of  crank 
1*561  =  constant  multiplier 

1404-9 

12* 
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40  =  diuuetar  of  cjUnder  in  mchea 


I  =  eqaare  of  diameter  of  cylinder 
236  =  oocstant  multiplier 


1802-8  uid   ^ia02'8  =  40'03 


And  ^  1'77*9  =  B'BS,  irhich  a  tho  proper  tliicltneas  in  inohes 
of  tbo  crank,  Eupposing  the  (reb  to  be  contjnued  to  tlic  cei 
paddle  ehaft. 

TO   EierD   THE    PROFSR    BBEATUB   OF   TSB  'WEB   OS  TEB   C 

rrtf-OENTRH,    t 


Rule. — Multiply  the  diameter  of  the  eylinder  ty  "16.  TJieprod- 
■uet  it  the  proper  'breadth  of  the  web  of  th4  «rajii,  luppoHng 
the  wei  to  be  eontinved  to  the  plane  (if  the  centre  of  the  craat- 

Example  1. — Let  the  diameter  of  the  cylinder  be  40  inohea. 

Then  40  inches  x  -16  =  6'4,  which  is  the  proper  breadth  in 
inohea  of  the  weli  of  the  erank  in  the  plane  of  the  centre  of  the 
crank-pin  in  tbi'^i  engine. 

Example  2. — Lot  the  diameter  of  the  cylinder  he  64  inches. 

Then  64  inches  x  "16  =  10'24  inches,  which  is  the  proper 
breadth  of  the  web  of  the  crank  at  the  crank-pin  end  in  this 
engine. 

TO    mm    THE     PBOPER     BBKAJHS    O?    THB    OBAKE    AT   PADDLK- 

KuLB. — Multiply  the  tquare  of  the  length  of  erank  m  iiuihai  6y 
1-561,  and  then  multiply  the  aquare  of  the  diaTneter  qf  eyt- 
inder  in  inches  ty  '1336  ;  multiply  the  square  root  of  the 
«um  of  these  product!  ly  theaqvareof  the  diameter  of  the  oyl- 
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inder  in  inehe»;  dMde  the  proshtet  ly  45.  Fintdly^  extract 
the  etibe  root  of  the  quotient, 

.Example  1. — ^What  is  the  proper  breadth  of  the  crank  at 
paddle-oentre  in  the  case  of  an  engine  with  a  diameter  of  cylin- 
der of  64  inches  and  stroke  of  8  feet  ? 

48    length  of  crank  in  inches 
48 

2804 

1*661  constant  multiplier 

8696*5 
606-8 


4102*8 


64   diameter  of  cylinder 
64 

4086 

-1286  constant  multiplier 


606*8 


and  V4102-8  =  64*06  nearly 
4096 


46)262348*6 


6829*97  and  ^6829  =  18  nearly,  which  is 
^  proper  breadth  in  inches  of  the  web  of  the  crank  at  the  shaft-centre 
*&  this  en^jie. 

Bxample^.—Wh&t  is  the  proper  breadth  of  crank  at  paddle- 
p^tre  in  the  case  of  an  engine  with  a  diameter  of  cylinder  of  40 
inches  and  stroke  of  5  feet  ? 

80  =  length  of  crank  in  inches 
80 

900=  square  of  length  of  crank 
1*661 

1404*9 
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40  =  dimneler  ot  cjUoder 


4E)MD4S 

14S6-7 
and  ^«8-7  =  ll-Mnoariy. 

The  purpose  of  taking  the  'breadih  anii  thiokneaa  of  the  web 
of  the  crank  at  the  sIiaA  and  pin-centres  is  to  obtain  fixed  points 
for  measniement.  For,  although  the  web  of  the  crank  does  not 
extend  either  to  the  centre  of  the  shaft  or  to  the  centre  of  the 
pin,  it  oan  eaailj  be  drawn  in  as  if  extending  to  those  points, 
and  the  breadth  and  thiekness  beiog  then  laid  down  at  those 
points  the  proper  araonnt  of  taper  in  the  weh  of  the  craoi  will 
he  obtained. 


Rots. — Midt^ly  thesqvare  of  the  length  of  the  wojii  invnektt 
iy  I'661,  then  multiply  the aguitre  of  the  diameter  qf  (AflOyi- 
inder  inifiehei  6^*1335;  multiply  thatvm^theie  produeU 
6y  the  tquare  <^  the  ej/linder  in  ineha;  divide  the  ^Ufftjant 
by  the  length  of  the  crank  in  inches;  afteneardi  dktd^  Mt 
pToduet  iy  182S'2S.  Finally,  ext^aat  the  cube  root  of  1A« 
quotient.  The  remit  i»  the  proper  tliiekneia  in  inrSiet  nftha 
large  eye  <{ferank. 
Example  I. — What  ia  the  proper  thiokneBS  of  large  eye  of  the 

the  crank  in  the  cose  of  an  en^e  with  a  diameter  of  ojlinder 

of  S4  iuches  and  stroke  of  8  feet? 
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48  =  leDg&  of  craxik  in  inches  , 

48 


2804  =  square  of  length  of  crank 
1*561  =  constant  multiplier 

3696*6 
606-8  =  product  of  64'  and  1236 


4102-8 


64  =  diameter  of  cylinder 
64 

4096 

-1236  =  constant  multiplier 


606*8 


4102-3 

4096  =:  square  of  diameter 


48)16803020*8 
1828'28)360062*94 
191*47 


and  i^91*47  =  6*77  nearly,  whica  is  the  proper  thickness  of  the  large 
^  (^  the  crank  in  inches. 

Example  2. — ^What  is  the  proper  thickness  of  the  large  eye 
of  orank  in  the  ease  of  an  engine  with  a  diameter  of  cylinder  of 
^  inches  and  with  a  stroke  of  5  feet  ? 

I  30  =  length  of  crank  in  inches 

80 

900  =  square  of  length  of  crank 
1*661  constant  multiplier 

1404-9 


i 
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■ 

■ 

40 

1600 

^^1 

■12S5  cODBtant  multiplier 

^H 

■ 

"1B7-6 

^^H 

1 

1*04-9  oAi 

^H 

1 

1602-e 

^H 

1 

1600  =  aiiDKre  of  diameter 

^H 

F 

18a8-S8)2SelOOO 

V 

30)1402-4! 

46'T4 

and 

i/  4S'T4  = 

S'60,  which  is  UiG  proper  thickness  m  inches 

of  the  large 

eye 

of  the  cronic  in  this  engine. 

TO 

miD   THB 

PEOPEK  riAMETBB  OF  THB  PJDDLB-BHAn 

JOTIHHAL. 

BuLE, — Multiply  the  tqiiore  of  the  dio/meUr  of  th^  eylindeT  jn 
inches  6y  (As  length  oferarik  in  inehet;  ^tract  theeuberoot 
of  the  quotient.  Finally,  multiply  the  renclt  hy  '242,  The 
final  product  is  the  diajaeter  ff  the  paddle-th^ft  journal  in 

Example  1. — "What  iS'  the  proper  diameter  of  the  paddle- 
shaft  jonmal  in  the  case  of  cm  engine  with  a  diameter  of  cylin- 
der of  G4  inches  and  stroke  of  8  feet  t 


B4  =  diameter  of  cylinder  in  inchca 


4096  square  of  diameter  of  cylinder 
48  =  length  of  crank  in  inohea 


=  66-148,  and  68146  x  -242  =  14-07  inches. 


—What  ia  the  proper  dianeter  of  the  paddle- 1 
shaft  jonruol  in  the  case  of  an  engine  with  a  diameterof  cyliader  I 
of  40  inches  and  a  stroke  of  6  feet  ? 
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V 

40  =:  diameter  of  cylinder 


1600  =  square  of  diameter  of  cylinder 
80  =  length  of  crank  in  inches 


48000  and  ^48000  =  S6'S0 

and  86*80  x  '242  =  8'79  inches. 

CO  rSXTD  THE  FBOPEB    LENGTH   OF    THE  PADDLB-SHAFT  JOXJBNAL. 

Bulb. — Multiply  the  square  of  the  diameter  of  the  cylinder  in 
inches  Jyy  the  length  of  the  crank  in  inches;  extract  the  cube 
foot  of  quotient;  multiply  the  result  Jyy  '303.  Hie  product 
tt  the  length  of  the  paddle-shaft  jov/mal  in  inches. 

Bmmple  1. — ^What  is  the  proper  length  of  the  paddle-shaft 
joonial  in  the  case  of  an  engine  with  a  diameter  of  cylinder  64 
inohes  and  stroke  8  feet  ? 

64  =  diameter  of  cylinder 
64 


4096  =  square  of  diameter  of  cylinder 
48  =  length  of  crank  in  inches 


196608    and  V190008  =  58*148 
Length  of  journal  =  68*148  x  'SOS  =  17*60  inches. 

Bxample  2. — What  is  the  proper  length  of  the  paddle-shaft 
JoTirnal  in  the  case  of  an  engine  with  a  diameter  of  cylinder  of 
^  feet  and  stroke  of  5  feet? 

40 
40 

1600 
80 


48000  and  V  48000=86*80  x  •808=10-99. 

It  win  be  seen  from  these  examples  that  the  length  of  the 
Wffl6-8haft  jonmals  is  IJ  times  the  diameter.  The  paddle- 
*"^  cranks,    and   all   the  other  working  parte  of  marine 


PBOP0SnOH3  OF  STEAH-ENGINES. 


ire  made    of  wronght-iron,   except  the  rade  lever 
6  of  cast-iron,  cmd  the  air-pump  rod,  vhioh  is 


THE  AIR-PUMP. 


Kui^ — Mtdtiply  the  diameter  of  tJte  cylbidtr  in.  inchet  if/  -6, 

Eeample  1. — Let  40  iDchea  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  -6  =  24*0  inches,  which  is  the  proper  ^ain 
eter  of  the  Mr-pmnp  in  tliia  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  04  incJies  X  -6  =  38-4  inches,  which  is  the  proper  dian 
oter  of  the  alr-pmnp  in  this  eng^e. 


AIR-PUMP  ROD. 


Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  '067. 

Example  1.— Let  the  diameter  of  the  cylinder  be  40  iaohea. 

Then  40  x  -067  =  2-68  inches,  which  is  the  proper  diameto 
of  the  air-pump  rod  when  of  copper  in  this  engine. 

Example  2. — Let  the  diameter  of  the  cyUnder  be  64  inoheB. 

Then  64  x  '067  =  4'28  inches,  wliich  is  the  proper  diamet4| 
of  the  oir-pnmp  rod  when  of  copper  in  ijhii  engine. 


Edlb. — Multiply  the  diameter  of  the  cylinder  in  inehet  Sy  "OM 

Example  1. — Let  the  diameter  of  the  cylinder  he  40  inches. 

Then  40  X  '063  =  2'B3  inches,  which  is  the  proper  depth  tA 
gibs  and  cntter  throngh  the  air-pump  crosahead  in  th]v  enpne. 

Example  2. — Let  the  diameter  of  the  cylinder  be  64  inchee. 

Then  64  x  -063  =  4'03  inches,  which  ia  the  proper  depth  a 
gibs  end  cutter  throngh  the  ur-pomp  crosahead  in  this 
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TO  FIND  THE  PBOFEB  THICENBSS  OF  GIBS  AND  OTTTTEB 
THBOUGH  AIB-PUMP  GB0S8HBAD  IN  INOHES. 

Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  lyy  '013. 

Example  1. — ^Let  the  diameter  of  the  cylinder  be  40  inches. 

Then  40  x  '018  =  '62  inches,  which  is  the  proper  thickness 
of  ipbs  and  cutter  throngh  the  air-pnmp  orosshead  in  this  engine. 

Example  2.— Let  the  diameter  of  the  cylinder  be  64  inches. 

Then  64  x  '013  =  *83  inches,  which  is  the  proper  thickness 
of  ^bs  and  cntter  throngh  the  air-pnmp  crosshead  in  this  engine. 

TO  FIND  THE  PBOFEB  DEPTH  IN  INCHES  OF  THE  OTTTTEB 
THBOXJGH  THE   AIB-PTTMP  BFOKET. 

^^^nsL— Multiply  the  diameter  of  the  cylinder  in  inches  "by  '051. 

Example  1. — Let  the  diameter  of  the  cylinder  be  40  inches. 

Then  40  x  '051  =  2*04  inches,  which  is  the  proper  depth 
of  the  cntter  throngh  the  air-pump  bucket  in  this  engine. 

Example  2. — ^Let  the  diameter  of  the  cylinder  be  64  inches. 

Then  64  x  'OSl  =  3*26  inches,  which  is  the  proper  depth  of 
the  cntter  throngh  the  air-pump  bucket  in  this  engme. 

10  iniD  THE  PBOFEB  THIOENESS  OF  THE  OTTTTEB  THBOTTGH  THE 

AIB-PUMP  BTTOEET   IN  INOHES. 

Buia. — Multiply  the  diameter  of  the  cylinder  in  inches  Jyy  •021. 

Example  1. — Let  the  diameter  of  the  cylinder  be  40  inches. 

Then  40  x  '021  =  '84  inches,  which  is  the  proper  thickness 
of  the  cutter  through  the  air-pump  bucket  in  this  engine. 

Example  2. — ^Let  the  diameter  of  the  cylinder  be  64  inches. 

Then  64  x  '021  =  1*34  inches,  which  is  the  proper  thickness 
of  the  cutter  through  the  air-pump  bucket  in  this  engine. 

The  cutter  throTigh  the  air-pimip  bucket  should  be  always 
'Dade  of  brass  or  copper,  but  the  gibs  and  cutter  through  the  air- 
pomp  crosshead  will  be  of  iron.  The  air-pimip  bucket  should 
^ays  be  of  brass,  and  it  is  advisable  to  insert  the  rod  into  the 
<>^>B8head  and  also  into  the  bucket  with  a  good  deal  of  taper,  so 
^  to  facilitate  its  detachment  should  the  bucket  require  to  be 
^QH  out.    It  is  usual  to  form  the  part  of  the  rod  projecting 
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throogh  tJie  Grosfihead  into  a  screw,  and  to  screw  a  nut  iqwn  it 
This  also  is  a  common  practice  at  the  top  of  the  piston  rod  and 
at  the  bottom  of  the  connecting-rod. 

AIR-PUMP  GROSSHEAD. 

TO  und  the  fbofsb  dkpth  of  THB  KYB  OT  THB  AIB-FimP 

0B08SHKAD. 

Bulb. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  '171* 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *171  =  6'84  inches,  which  is  the  proper 
depth  of  eye  of  air-pnmp  crosshead  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '171  =  10*944  inches  which  is  the  proper 
depth  of  the  eye  of  air-pnmp  crosshead  in  this  engine. 

TO  FIND  THB  PBOFEB  DEPTH  OF  THB  AIB-FUMP  OBOSSHXAD  iT 

THE  MIDDLE  OF  THB   WEB. 

Bulb. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  *161« 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '161  =  6*44  inches,  which  is  the  proper 
depth  at  the  middle  of  the  web  of  the  air-pnmp  crosshead  in  this 
engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  -161  =  10*30  inches,  which  is  the  proper 
depth  at  the  middle  of  the  web  of  the  air-pump  crosshead  in  this 
engine. 

TO  FIND  THE  PEOPEE  DEPTH  OP  THB  WEB  OF  THE  AIB-FUHF 

OBOSSHEAD  AT  JOT7BNAL8. 

Rule. — MuUply  the  diameter  of  the  cylinder  in  inches  hy  '061. 

Example  1. — ^Let40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '061  =  2*44  inches,  which  is  the  proper 
depth  of  the  web  of  the  air-pnmp  crosshead  at  the  journals  in 
this  engine. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cylinder. 
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Then  64  inches  x  *061  ==  8*90  inches,  which  is  tJie  proper 
depth  of  the  web  of  the  air-pmnp  crosshead  at  the  jonmals  in 
this  engine. 

TO  FIND  THE  FBOFEB  THIOEinESS  OF  THE  ETB  OF  THE  AIB- 

FT7MP  GBOSSHEAD. 

hiLL— Multiply  tlhe  diameter  of  the  cylinder  in  inches  hy  *025. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *025  =  1*00  inches,  which  is  the  proper 
thickness  of  the  eje  of  the  air-pnmp  crosshead  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '025  =  1*600  inches,  which  is  the  proper 
tidckness  of  the  eye  of  the  air-pnmp  crosshead  in  this  engine. 

10  FIND  THE  PBOFEB  THIOENESS  OF  THE  WEB   OF  THE  AIB-PUMP 

GBOSSHEAD  AT  THE  MIDDLE. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  by  *04d. 

J^xample  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  *043  =  1*72  inches,  which  is  the  proper 
thickness  of  the  web  of  the  air-pnmp  crosshead  at  the  middle 
in  this  engine. 

JSxample  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '048  =  2*75  inches,  which  is  the  proper 
fMokness  of  the  web  of  the  air-pnmp  crosshead  at  the  middle 
in  this  en^e. 

10  FIND  THE  PBOPEB  THIOZNESS  OF  THE  WEB  OF  THE  AIB-PUMP 

GBOSSHEAD  AT  THE  JOUBNALS. 

Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  *037. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '087  =  1*48  inches,  which  is  the  proper 
thickness  of  the  web  of  the  air-pmnp  crosshead  at  the  jonmals 
in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  *087  =  2*86  inches,  which  is  the  proper 
thickness  of  the  web  of  th«  air-pnmp  crosshead  at  the  jonmals 
h  this  eng^e. 
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TO  FIND  THE  PBOFEB  DIAHETEB  OF  THB  JOT7BNAL0  OF  TBI  AXB-fWf 

OBOSSHEAD. 

Rule. — Multiply  the  diameter  of  the  cylinder  in  inches  ly  '051 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cyhndBr. 

Then  40  inches  x  '051  =  2*04  inches,  which  is  the  proper 
diameter  of  the  jonrnals  of  the  air-pmnp  crosshead  in  this  en- 
gine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  -051  =  8-26  inches,  which  is  the  proper 
diameter  of  the  jonrnals  of  the  air-pnmp  crosshead  in  tiiifl  &r 
gine. 

TO  FIND  THE  PBOPEB  LENGTH  OF  THE  J0T7BNALS  OF  THE  KSSrWB 

OSOSSHBAD. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  "by  "OMi 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  -058  =  2*82  inches,  which  is  the  proper 
length  of  the  end  jonrnals  for  the  aiivpnmp  crosshead  in  ibis 
en^e. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  -068  =  3-71  inches,  which  is  the  proper 
length  of  the  end  jonrnals  for  the  air-pnmp  crosshead  in  this 
engine. 

AIR-PUMP  SIDE  RODS. 

TO  FIND  THE  PBOPEB  DIAMETEB  OF  AIB-PX7HP  SIDE  BOD  AT  TEOt  VBSA» 

EiTLE. — Multiply  the  diameter  of  the  cylinder  in  inches  by  "OSil. 

Example  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches  x  '089  =  1*56  inches,  which  is  the  proper 
diameter  of  air-pnmp  side  rod  at  ends  in  this  engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  x  '089  =  2*49  inches,  which  is  the  -pro^ 
diameter  of  air-pnmp  side  rod  at  ends  in  this  en^e. 

TO  FIND  THE  BBEADTH  OF  BUTT  FOB  AIB-PUMP  BIDE  B0D8. 

BuLE. — Multiply  the  diameter  of  the  cylinder  in  inches  hff  KHft* 
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kample  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder, 
ben  40  inches  x  '046  =  1*84  inches,  which  is  the  proper 
Ith  of  bntt  for  alr-pnmp  side  rod  in  this  engine. 
kample  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder, 
hen  64  inches  x  *046  =  2*94  inches,  which  is  the  proper 
Ith  of  bntt  of  air>pmnp  side  rod  in  this  en^e. 

DTD  THE  FBOPEB  TUIOKNSSS  OF  BTJTT  FOB  AIB-PX7MP  SIDE  BOD. 

I — MidUply  the  diameter  of  the  cylinder  m  inches  hy  *037. 

hem^U  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder, 
ben  40  inches  x  *037  =  1'48  inches,  which  is  the  proper 
ness  of  bntt  for  air-pnmp  side  rod  in  this  engine. 
kample  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder, 
hen  64  inches  x  '037  =  2*36  inches,  which  is  the  proper 
ness  of  bntt  for  air-pnmp  side  rod  in  this  engine. 

ERD  THE  MEAN  THIOEinECSS  OF  STBAP  AT  OITTTEB  OF  AIB-PUICP 

SIDE  BOD. 

. — Multiply  the  diameter  of  the  cylinder  in  inches  hy  •019. 

'wample  1. — Let  40  inches  be  the  diameter  of  the  cylinder, 
tien  40  inches  x  '019  =  '76  inches,  which  is  the  proper 

thickness  of  the  strap  at  cutter  of  air-pnmp  side  rod  in 
n^e. 

zample  2. — Let  64  inches  be  the  diameter  of  the  cylinder, 
len  64  inches  x  '019  =1*21  inches,  which  is  the  proper 

thickness  of  the  strap  at  cutter  of  air-pump  side  rod  in 
ngine. 

m  THE  PBOPEB  MEAN  THIOENESS  OF  THE  STBAP  BELOW  OT}T- 
TSB  OF  AIB-PX7HP  SIDE  BOD. 

— Multiply  the  diameter  of  the  cylinder  in  inches  "by  "014. 

'sample  1. — ^Let  40  inches  be  the  diameter  of  the  cylinder, 
len  40  inches  x  '014  =  '56  inches,  which  is  the  proper 
thickness  of  the  strap  below  cutter  in  the  air-pump  side 
'  this  engine. 
sample  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 
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Then  64  inches  x  -014  =  '89  inches,  wfaidi  Is  tiie  fOffSt 
mean  thickness  of  strap  bdow  cotter  in  the  sir-pon^  aiderod 
of  this  engine. 

TO  FEn>  THB  FROFSB  DEPTH  OF  THB  GIBS  A2SD  ODTTKB  fOBiH^ 

FClfP  BEDS  SOD. 

Bulb. — Multiply  the  diameter  of  the  cylinder  in  inchet  Sy  "Ol^ 

Ezample  1. — ^Let  40  inches  be  the  dismeter  of  the  (blinder* 

Then  40  inches  x*048  =  1*92  inches,  which  is  the  pnp* 
depth  of  gibs  and  catter  for  air-pnmp  side  rod  in  this  engiDe. 

Example  2. — Let  64  inches  be  the  diameter  of  the  cyiinder. 

Then  64  inches  x  *048  =  3-07  inches,  which  is  the  proper 
depth  of  gibs  and  catter  for  the  air-pnmp  side  rod  in  this  engiDfl^ 

TO  FCn>  THB  FBOFEB  TUIOlUfBSS  OF  THB  GIBS  ASD  CUTTBB  FOB  10 

AIB-FniP  SDOB  BOD. 

Bulb. — Divide  the  diameter  of  the  cylinder  in  inches  hy  100. 

Example  1. — Let  40  inches  be  the  diameter  of  the  cylinder. 

Then  40  inches -f- 100  =  *40  inches,  which  is  the  prqpff 
thickness  of  the  gibs  and  cutter  for  the  air-pnmp  side  rod  in  fhu 
engine. 

Example  2. — ^Let  64  inches  be  the  diameter  of  the  cylinder. 

Then  64  inches  -5- 100  =  -64  inches,  which  is  the  proper 
thickness  of  the  gibs  and  cntter  of  the  air-pnmp  side  rod  in  tbis 
engine. 

It  will  be  satisfactory  to  compare  the  dimensions  of  the  parts 
of  engines  with  the  actnal  dimensions  obtaining  in  some  engineB 
of  good  proportions  which  have  for  some  time  been  in  saooen- 
fal  operation ;  and  I  select  for  the  purpose  of  this  comparison 
the  side-lever  engines  constructed  by  Messrs.  Caird  &  Co.,  fbr 
the  "West  India  Mail  steamers  'Clyde,'  'Tweed,'  *Tay,'  and 
'  Tevoit.'  The  dimensions  of  the  main  parts  given  by  the  rolea, 
and  the  actual  dimensions,  are  exhibited  in  the  following  table, 
touching  which  it  is  sufficient  to  remark  that  where  there  is  any 
appreciable  divergence  between  the  two,  the  dimensions  givtt 
by  the  rules  appear  to  be  the  preferable  ones : — 


>  BT  FSACnCAI.  SZAKPLEa. 


IT    07   DIUEiretONS    SI  TEH    BT   TBS    FOBEQOIHa   BUUS 


..„-»,«^w„™. 

,^'"' 

2T-M 

S-14 

T-OB 
fl-OB 

19-86 

15-25 
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eje  of  crosBhesd  (oaUldc) 

orwebofcroBshesditoiintre 

sfHeborcrouOiwliitjoimial 

anmlBMntraJourml  | 

es  givegeDerallj  smaller  iminbers  than  Uessra.Gaird'B 
The  difference  is  greatest  in  'Breadth  of  crank  at 
sentre,' and  in  'Eiterior  diameter  of  eye  of  croBshead,' 
h  of  web  of  croashead  of  journals.' 

cases  above,  marked  thus  t,  the  roles  give  greater 
ban  the  example  selected  of  Uesara.  Gaird's  engine, 
in  'Diameter  of  main  centre,' where  Uesars.  Caird's 
s  are  quite  too  small. 

ftbeadf  explained  that  from  anj  one  drawing,  all  mzes 
of  that  particnlar  form  may  be  coastracted  b;  merely 
e  scale ;  and  all  the  dimenfiions  of  slups  and  en^es, 
t,  every  qoantitj  whateyer  which  increases  or  dimin- 
^ven  ratio,  or  according  to  a  noiform  law,  m^  be  ei- 
sphically  by  a  corve,  wluch  will  have  its  correspond- 
3n,  thoi^h  sometimes  that  eqnation  will  be  too  com 

be  numerically  expres^blo.    Mr.  Watt,  in  bis  early 
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practice,  lud  dovn  moet  of  the  dimea^ons  of  his  eoginea  to 
onrrea,  tind,  indeed,  was  In  tlie  habit  of  naing  that  mode  of  in- 
vestigation acd  ezproaslon  in  all  his  researches.  A  table  of  the 
dimensions  of  the  parts  of  engines  ma;  oaal;  be  laid  dotvn  in 
the  form  of  a  curve ;  and  the  benefit  of  that  practice  is,  tbU  If 
ne  have  a  certain  namber  of  points  in  the  cnrve,  we  oaa  esalf 
find  all  the  intermediate  ones  hy  merel;  measnring  with  a  ftir 
of  compasaes  and  a  scale  of  eqaoi  porta.  Thus,  for  example,  v« 
roay  lay  down  the  table  of  the  diameter  of  crank-ahaft,  given  b 
page  294,  to  a  curve  as  follows :— First  draw  a  BtraigLt  horiwB- 
tal  line,  which  divide  into  equal  parts  by  anj  conveaient  scale, 
beginning,  as  in  the  table,  with  20,  and  ending;  with  100,  If  BdV 
we  erect  vertical  lines  or  ofdinates  at  every  division  of  thelrori- 
lontal  lino,  and  i^  with  any  given  length  of  stroke.  Bay  2  feet, 
we  know  the  diameter  of  shaft  proper  for  some  of  the  diametm 
of  cylinder— say  for  a  20-incli  cylinder,  4'08  inches ;  for  a  54riiA 
cylinder,  4'6fi  inches;  for  a40-ineh  cylinder,  6-55  inches;  ffli 
for  an  80-inch  cylinder,  10'29  inobefl — we  can  eaaly  detonniM 
the  diameters  of  ehaSt  proper  for  all  the  intermediate  diameters 
of  cylinders,  by  marking  off  with  the  same  scale,  or  any  ofliff, 
the  vertical  heights  corresponding  to  alltbe  diameters  we  know; 
and  a  curve  traced  tlirough  these  points  will  intersect  all  tlw 
other  ordinatos,  and  ^ve  the  diameters  proper  for  the  wb^ 
series.  By  thns  flettlng  down  the  known  quantities  in  ordflrto 
deduce  the  unknown,  we  shall  at  the  same  time  see  whether^ 
quantities  we  set  down  follow  a  regular  law  of  iucreaae  or  not; 
for  if  they  do  not,  instead  of  all  the  points  marked  off  fgllbg 
into  s  regular  curve,  some  of  them  will  be  above  the  onrve  tti 
Home  of  them  beneath  it,  thns  showing  that  the  quantities  ^va 
do  not  form  portions  of  a  homogeneous  sj^tem.  If  the  qoaati'7 
increases  in  arithmetical  progression,  the  cviva  will  hecoms  > 
straight  angular  lino.  Thns  in  the  case  of  the  diameter  of  Ha 
piston  rod,  as  the  iiicrease  follows  the  same  law  as  the  inijraW 
of  the  diameter  of  the  cylinder,  the  law  of  increase  will  be  (* 
pressed  by  a  right-angled  triangle,  the  diameters  of  the  cyBndf* 
lieing  represented  by  the  divisions  on  the  base,  and  the  diamstSi 
of  piston  rod  by  the  corresponding  vertioal  ordinates.    If  to  flu 
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ourve  of  diameter  of  oraiik  shaft  for  each  diameter  of  cylinder 
with  any  given  length  of  stroke,  we  add  below  the  base  another 
onire  pointing  downwards,  representing  the  increase  of  the  di- 
ameter of  the  shaft  dne  to  every  increase  of  the  length  of  the 
Btroke,  the  diameter  of  the  cylinder  remaining  the  same,  the  total 
ki^ght  of  the  coigoint  ordinates  will  show  the  diameter  of  the 
shaft  fi>r  each  successive  diameter  of  cylinder  and  length  of 
stroke.    One  of  the  curves  will  be  convex  and  the  other  con- 
osve,  and  the  convexity  of  the  one  will  be  equal  to  the  concavity 
of  the  other,  so  that  the  ordinates  will  be  the  same  as  those  of  a 
triangle.    Hence,  if  we  double  the  diameter  of  the  cylinder,  and 
also  double  the  length  of  the  stroke,  we  shall  double  the  diam- 
eter of  the  shaft ;  if  we  treble  the  diameter  of  the  cylinder,  and 
also  treble  the  length  of  the  stroke,  we  shall  treble  the  diameter 
of  the  shaft,  and  so  on  in  all  other  proportions.    By  referring  to 
the  table  in  page  294,  we  shall  see  that  these  relations  are  there 
preserved.    Thus  a  20-inch  cylinder  and  a  2-feet  stroke  has  a 
du|ft  of  4*08  inches  in  diameter ;  a  40-inch  cylinder  and  a  4-feet 
itroke,  a  shaft  of  8*16  inches  diameter ;  a  60-inch  cylinder  and 
a  6-feet  stroke,  a  shaft  12*25  inches  diameter,  and  so  on.    If  this 
▼ere  not  so,  an  engine  drawn  on  any  one  scale  would  not  be  ap- 
plioable  to  any  other  of  a  different  size ;  whereas  we  know  that 
any  one  drawing  will  do  for  all  sizes  of  engines  by  merely  chang- 
ing the  scale. 

It  is  very  convenient  in  making  drawings  of  en^es  to  adopt 
some  uniform  size  for  the  drawing-boards  and  drawings,  and  to 
adhere  to  them  on  all  occasions.  The  best  arranged  drawing- 
oflSce  I  have  met  with  is  that  of  Boulton  and  Watt,  which  was 
originally  settled  in  its  present  form  by  Mr.  Watt  himself  who 
brought  the  same  good  sense  and  habits  of  methodical  arrange- 
ment to  this  problem  that  he  did  to  every  other.  The  basis  of 
Boulton  and  Watt's  sizes  of  drawings  is  the  dimensions  of  a  sheet 
of  double  elephant  drawing  paper;  and  all  their  drawings  are 
either  of  that  size,  of  half  that  size,  or  of  a  quarter  that  size, 
leaving  a  proper  width  for  margin.  The  drawing-boards  are  all 
made  with  a  frame  fitting  around  them,  so  that  it  is  not  neces- 
aary  to  glue  the  paper  round  the  edges;  but  the  damped  sheet 
13 
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ia  laid  upon  the  board,  which  H  somewhat  oTerlaps,  and  tio 
frame  then  oomes  down  and  tarns  over  the  edges  of  the  p^ 
npon  the  ndes  of  tiie  board,  and  the  frame  being  them  fixed  b 
that  its  fece  is  flush  with  the  paper,  the  paper  bybKi^tta' 
bound  all  round  the  edges  ia  properly  stretched  when  Arj.  b 
Mr,  Watt's  time  the  drawings  were  made  with  copying  ink,  M^ 
an  impression  was  taken  from  them  by  passing  them  tbrongiii 
roller  press,  so  as  to  retain  the  ori^al  in  the  offioe,  wh3** 
duplicate  of  it  was  sent  ont  with  the  work ;  and  the  cop^ 
press  was  invented  by  Mr.  Watt  fi>r  thb  pnrpOBe,  He  wk* 
of  the  drawings  pertaining  to  each  particnlar  engine  are  plM^ 
in  a  small  paper  portfolio  by  themselves ;  and  these  small  jo^ 
folios  are  numbered  and  arranged  in  drawers,  with  a  catalogs 
to  tell  the  particular  engine  delineated  in  tbe  drawings  of  eidi 
portfolio.  In  this  way  I  have  found  that  the  drawings  illnsW- 
tive  of  any  engine,  though  it  may  bare  been  made  in  the  b^ 
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■Dtorj,  could  be  prodoced  to  me  in  a  few  minntea ;  and  tha 
gutani  ia  alt<^ther  mca«  perfect  and  more  conTenient  than  eaj 
i«ai«witIiwhioliIani  acqaainted.  The  portfolios  are  not  large, 
'idnoh  ironld  make  them  inoonveniont,  hut  are  of  encb  ^ze  that 
M  doable  elephant  sheet  baa  to  be  folded  to  go  into  one  of  them ; 
tet  most  of  the  drawings  are  on  small  sheets  of  paper,  which  is 
ore  conTenient  practice  than  that  of  drawing  the  de- 
ls wpofa  large  sheets. 

It  wiQ  he  interesting  to  compare  with  the  results  ^ven  in 
I  foregoing  roles  the  actnol  sizes  of  some  ade  lever  engines  of 
oonatraotioQ.  Accordingly  I  have  reoapitnlated,  in  the 
laUes  introduced  above,  the  ptincupal  dimensions  of  the  marine 
iBiglnf  of  Uesars.  Maadsilaj  and  Messrs.  Seaward.  These  tables 
actt  BO  dear,  that  thej  do  not  rec[nire  farther  explanation,  and 
^m  HUM  remark  ia  applicable  to  the  tables  whioh  follow. 
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I BU17  here  repoeA  that  the  diameter  of  cylinder  in  inches  is 
giren  in  the  first  vertical  colmnn,  beginning  at  20  inches  and 
ending  at  100  inches,  while  the  length  of  the  stroke  in  feet  is 
givea  in  the  first  horizontal  colnum,  be^nning  with  2  feet  and 
coding  with  9.    I^  therefore,  we  wish  to  find  the  dimension 
proper  for  any  given  engine,  of  which  we  mast  know  the  diam- 
eter of  cylinder  and  length  of  stroke,  we  find  in  the  first  vertical 
folamn  the  given  diameter  in  inches,  and  in  the  first  horizontal 
odnmn  the  given  length  of  stroke  in  feet ;  and  where  the  vertical 
oolnmn  nnder  the  given  stroke  intersects  the  horizontal  column 
opposite  the  given  diameter,  there  we  shall  find  the  required 
dimension.''' 

LOCOMOTIVE  ENGINES. 

It  would  be  a  mere  waste  of  time  and  space  to  recapitulate 
roles  similar  to  the  foregoing  as  applicable  to  locomotive  eu- 
Ipnes,  innce  the  strengths  and  other  proportions  proper  for  loco- 
motives can  easily  be  deduced  by  taking  an  imaginary  low  pres- 
sure cylinder  of  twice  the  diameter  of  the  intended  locomotive 
f^linder,  and  therefore  of  four  times  the  area,  when  the  propor- 
tions will  become  at  once  applicable  to  the  locomotive  cylinder 
with  a  quadrupled  pressure,  or  100  lbs.  on  the  square  inch.  In 
locomotive  engines  the  piston  rod  is  generally  made  |th  of  the 
diameter  of  the  cylinder,  whereas  by  the  mode  of  determining 
tiie  proportions  that  is  here  suggested  it  would  be  |th.  But 
piston  rods  are  made  of  their  present  dimensions,  not  so  much 
to  bear  the  tension  produced  by  the  piston,  as  to  bear  the  com- 
pression when  they  act  as  a  pillar ;  and  properly  speaking  the 
proportionate  diameter  should  diminish  with  every  diminution 

*  For  screw  or  other  short-stroke  engines  working  at  a  high  speed,  the  strengths 
cf  shafts  given  in  the  foregoing  tables  should  be  somewhat  increased,  and  the 
length  of  bearing  at  least  doubled.  In  some  recent  screw  engines  an  Irr^nlar 
motion  of  the  engine  has  been  perceived,  owing  to  the  elasticity  of  the  shaft.    For 

SQch  engines  a  correspondent  suggests  the  formula  a/  C  =• )  +  — 5^ —  =  diam- 
eter of  Journal  in  inches;  where  d  =  diameter  of  the  cylinder  in  inches  and  b  = 
tadtoB  ci  crank  In  inches. 
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in  tlie  length  of  the  stroke.  In  very  short  cylinders  a  proporti< 
of  -^  of  the  diameter  of  the  cylinder  wonld  soffioe  in  the  ca 
of  low  pressure  engines,  which  answers  to  ^th  of  the  diamel 
in  locomotives  where  the  stroke  is  always  very  short.  But 
high  pressure  engines  of  any  considerable  dimensions,  carry! 
100  lbs.  on  the  inch,  the  diameter  of  the  piston  rod  should 
j-th  of  the  diameter,  answering  to  ^^^th  of  the  diameter  in  Ic 
pressure  engines  of  the  common  total  pressure  of  25  lbs.  p 
square  inch. 


CHAPTER  V. 

PROPORTIONS  OF  STEAM-BOILERS. 

Lsr  proportiomng  boilers  two  main  requirements  have  to  be 
kept  in  view :  1st.  The  provision  of  a  sufficient  quantity  of  grate- 
tar  area  to  bum — ^with  the  intended  velocity  of  the  draught—^ 
the  quantity  of  coals  required  to  generate  the  necessary  quantity 
of  steam;  and  2d.  The  provision  of  a  sufficient  quantity  of  heat- 
^  surface  in  the  boiler,  to  make  sure  that  the  heat  will  be  prop- 
®fly  absorbed  by  the  water,  and  that  no  wasteful  amount  of 
Wt  shall  pass  up  the  chimney.    Even  the  quantity  of  heating 
S'ttfiace,  however,  proper  to  be  supplied  for  the  evaporation  of  a 
given  quantity  of  water  in  the  hour  will  depend  to  some  extent 
^on  the  velocity  of  the  draught  through  the  furnace :  for  upon 
that  velocity  will  depend  the  intensity  of  the  heat  within  the 
fonace,  and  upon  the  intensity  of  the  heat  will  depend  the 
quantity  of  water  which  a  given  area  of  surface  can  evaporate. 
The  first  point  therefore  to  be  investigated  is  the  best  velocity 
of  the  draught,  and  the  circumstances  which  determine  that 
velocity.    Here,  too,  there  are  two  guiding  considerations.    The 
first  is,  that  if  the  velocity  of  the  draught  be  made  too  great,  the 
small  coals  or  cinders  will  be  drawn  up  into  the  chimney  and 
be  precipitated  as  sparks,  causing  in  many  cases  serious  annoy- 
ance.   The  second  consideration  is,  that  the  temperature  of  the 
escaping  smoke  should  be  as  low  as  possible,  and  should  in  no 
)ase  exceed  600''.    While,  therefore,  it  is  desirable  in  land  and 
narine  boilers  to  have  a  rapid  draught  through  the  furnace— 
luch  as  is  produced  in  locomotives  by  the  blast-pipe — ^in  order 
hat  the  heat  maybe  sufficiently  intense  to  enable  a  small  amount 
►f  surface  to  accomplish  the  required  evaporation,  it  is  at  the 
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same  time  inadmissible  to  have  sacli  a  rapid  draught  in  ttia 
chimney  as  will  suck  up  and  scatter  the  small  particles  of  tt&0 
coal;  nor  is  it  desirable  that  the  velocity  of  the  air  passlii^ 
throngh  the  grate-bars  should  be  so  great  as  to  lift  small  pieoe0 
of  coal  or  cinder  and  carry  them  into  the  fines.    No  fhmaoe  ha* 
yet  been  constracted  which  reconciles  the  conditions  of  a  higb 
temperature  with  a  moderate  velocity  of  the  entering  air:  but 
such  a  furnace  may  be  approximated  to  by  making  the  opening 
through  the  fire-bridge  very  smaD,  and  by  insuring  the  necesBary 
flow  of  air  through  these  small  openings  by  the  application  of  ft 
horizontal  steam-jet  at  each  opening;  as  by  this  arrangemoitft 
high  temperature  may  be  kept  up  in  the  furnace,  at  the  saiM 
time  that  the  contraction  of  the  area  through  or  over  the  bridge 
will  not  so  much  impair  the  draught  as  to  prevent  the  requisite 
quantity  of  coal  from  being  burnt. 

The  exhaustion  which  a  chimney  produces  is  the  effect  of  the 
greater  rarity  of  the  column  of  air  within  the  chimney  than  tbt 
of  the  air  outside.  K  the  air  be  heated  until  it  is  expanded  to 
twice  its  volume,  then,  its  density  being  half  of  what  it  was 
before,  each  cubic  inch  of  the  hot  air  will  weigh  only  half  M 
much  as  a  cubic  inch  of  cold  air ;  and  if  the  hot  air  be  enclosed 
in  a  balloon,  it  will  ascend  in  the  cold  air  with  a  force  of  ascent 
equal  to  half  the  weight  of  the  balloon  fall  of  cold  air.  As  watff 
is  about  T73  times  heavier  than  air  at  the  freezing-point,  it  wifl 
require  773  cubic  inches  of  air,  heated  until  they  expand  to  twice 
their  volume,  to  have  ascensional  force  sufficient  to  balance  a 
cubic  inch  of  water :  or  if  a  syphon-tube  be  formed  with  a  col- 
umn of  water  1  inch  high  in  one  leg,  it  will  require  a  colunin  of 
the  hot  air  1546  inches  (or  nearly  129  feet)  high,  in  the  othef 
leg,  to  balance  the  column  of  water  1  inch  high.  In  other  words, 
a  chimney  heated  until  the  density  of  the  smoke  is  only  half  that 
of  the  air  entering  the  furnace,  and  which  will  be  the  caae  at  a 
temperatm'e  under  600°,  will,  if  129  feet  high,  produce  an  ex- 
haustion of  1  inch  of  water.  In  land  boilers  the  ordinary  ex- 
haustion or  suction  of  chimneys  is  such  as  would  support  a  col- 
umn of  from  1  to  2  inches  of  water.  But  in  steam-vessels  the 
height  of  the  chimney  is  limited,  and  the  deficient  height  has  to 
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bemade  up  for  by  acn  moreased  area.  In  practice,  the  diameter 
of  the  cMmney  of  a  steam-vessel  is  usually  made  somewhat  less 
fbtn  the  diameter  of  the  cylinder,  there  being  supposed  to  be 
one  chimney  and  two  cylinders,  with  the  piston  travelling  at  the 
qwed  Qsnal  in  paddle  vessels. 

Bonlton  and  Wattes  role  for  proportioning  the  dimensions  of 
fhe  chhnneys  of  their  land  engines  is  as  follows : — 

BOULTOH  AND  WATTES  BULB  FOB  FIXING  THE  PBOPEB  SEOTIONAL 
ABSA  OF  A  OmMNEY  OF  A  LAND  BOILEB  WHEN  ITS  HEIGHT 
IS  DBTEBMINZD. 

EuuL — Multiply  the  number  of  pounds  of  coal  consumed  under 
the  hoUer  per  hour  hy  12,  and  divide  the  product  hy  the  square 
root  of  the  height  of  the  chimnsy  in  feet :  the  quotient  is  the 
proper  area  of  the  chimnsy  in  square  inches  at  the  smallest 
pa/rt, 

Example. — ^What  is  the  proper  sectional  area  of  a  factory 
fihlmney  80  feet  high,  and  with  a  consumption  of  coal  in  the 
ftmace  of  800  lbs.  per  hour? 

Here  800  x  12  =  3,600;  and  divided  by  9  (the  square  root 
of  the  height  nearly)  we  get  400,  which  is  the  proper  sectional 
aiea  of  the  chimney  in  square  inches.  If  therefore  the  chimney 
be  square,  it  will  measure  20  inches  each  way  within. 

SOULTON  AND  WATT'b  BTJLE  FOE  FIXING  THE  PBOPEB  HEIGHT  OF 
CHE  OHIMNEY  OF  A  LAND  BOILEB  WHEN  ITS  SEOTIONAL  ABEA 
IB  DETEBMINED. 

BuLE. — Multiply  the  number  of  pounds  of  coal  consumed  under 
the  boiler  per  hour  by  12,  and  divide  the  product  by  the  sec- 
tional area  of  the  chimney  in  square  inches  :  square  the  quo- 
tient thus  obtained^  which  will  give  the  proper  height  of  the 
chimney  in  feet, 

jgfeflpmpfo.— What  is  the  proper  height  in  feet  of  the  chimney 
of  a  boiler  which  bums  800  lbs.  of  coal  per  hour,  the  sectional 
urea  of  the  chimney  being  400  square  inches? 

Here  800  x  12  =  8,600,  which  divided  by  400  (the  sectional 
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area)  =  9,  the  sqnare  of  wMch  is  81 ;  aad  this  is  the  proper 
height  of  the  chimney  in  feet 

These  roles,  though  appropriate  for  land  hoilers  of  moderaie 
fflze,  are  not  applicahle  to  powerfnl  boilers  with  internal  ftaaih 
snoh  as  those  used  in  steam-vessels,  in  whioh  the  sectional  im 
of  the  chimney  is  nsnally  adjusted  in  the  proportion  of  6  to  8 
square  inches  per  nominal  horse-power.  This  wiU  plainly  vipgf^ 
from  the  following  investigation : — 

In  a  marine  boUer  suitable  for  a  pair  of  en^es  of  110-hone- 
power,  the  area  of  the  chimney,  allowing  8  square  inches  pec 
nominal  horse-power,  would  be  880  square  inches.  Suppoang 
the  boiler  to  consume  10  lbs.  of  coal  per  nominal  horse-power 
per  hour,  or  say  10  cwt.  (or  1120  lbs.)  of  coal  per  hour,  and  that 
the  chinmey  was  46  feet  high,  then,  by  Boulton  and  Watt's  roto 
for  land  engines,  the  sectional  area  of  the  chinmey  should  be 
1120  X  12  -i-  V46  =  13,440 -t- say  7=1,920  square  inches.  This, 
it  will  be  observed,  is  more  than  twice  the  area  obtained  by 
allowing  a  sectional  area  of  8  square  inches  per  nominal  horse- 
power. Here,  therefore,  is  a  discrepancy  which  it  is  necessary 
to  get  to  the  bottom  of. 

In  Peclet's  *  Treatise  on  Heat'  an  investigation  is  given  of 
the  proper  dimensions  of  a  chimney,  which  investigation  is 
recapitulated  and  ably  expanded  by  Mr.  Eankine.  But  it  gives 
results  similar  to  those  deduced  from  Boulton  and  Watt's  rule 
for  their  small  land  boilers,  and  the  expressions  are  much  more 
complicated.  Thus  if  *o  =  IJie  weight  of  ftiel  burned  in  a  ff^ 
furnace  per  second;  VQ=the  volume  of  air  at  32°  required 
per  lb.  of  fael,  and  which  in  the  case  of  common  boilers  with  s 
chimney  draught  is  estimated  at  300  cubic  feet ;  Ti  =  the  ab9(h 
lute  temperature  of  the  smoke  discharged  by  the  chimney,  an^ 
which  is  equal  to  the  temperature  shown  by  the  thermometer  + 
461*2° ;  To=  the  absolute  temperature  of  the  freezing-point,  or 
461*2° -f-  32° ;  A  =  the  sectional  area  of  the  chimney  in  square 
feet ;  and  u  =  the  velocity  of  the  current  in  the  chimney  in  feet 
per  second : 

toY,  Ti 

Then  u=^     ^  x 
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If  now  I  =  the  length  of  the  chimney  and  of  the  fine  leading 
lit  in  feet;  m  =  the  mean  hydranlic  depth  of  the  smoke,  or 
le  area  of  the  flue  divided  by  its  perimeter,  and  which  for  a 
nmd  fine  and  chimney  is  ^  of  the  diameter;  /=  a  coefficient 
f  friction,  the  value  of  which  for  a  current  of  gas  moving  over 
(Wfyflurfaoea  Peclet  estimates  at  0*012 ;  G-  a  factor  of  resistance 
NT  the  passage  of  the  air  through  the  grate,  and  which  in  the 
ase  of  furnaces  burning  20  to  24  lbs.  of  coal  per  hour  on  each 
fnare  foot,  Peclet  found  to  be  12 ;  h  =  the  height  of  the  chim- 
My  in  feet :  Then  by  a  formula  of  Peclet's 

rldch  formula,  with  the  value  that  Peclet  assigns  to  the  con- 
tents, becomes 

««/       0-012  Z\ 

A=27V»+-^r->) 


od  by  transpoation  and  redaction 


(13 

rWe  64i  is  twice  the  power  of  gravity,  or  32^. 

If  now  the  chimney  be  made  46  feet  high  and  the  flue  leading 
[^  it  be  3  feet  diameter  and  54  feet  long,  then  64*3  x  46  = 
667-8 ;  -012  x  100  =  1*2 ;  m  =  ith  of  3,  or  f  ,  or  *75,  and  1-2  -*- 
rS  =  1-6. 

Hence  the  equation  becomes 


u=Y 


2957*8  ^  j^.23 


But  u  = 


14-6 
wV.Ti 


AT, 

Hence  ^,  Z.°  ^'  =  14*23 
AT. 


Ko\7  if  1,120  lbs.  of  coal  be  consumed  per  hour,  -81  lbs. 
"^  be  consumed  per  second  =  w ;  and  if  the  temperature  of 


Henoe  Vna  .'  ••• — ^=  14-6 


A  =  H  squnre  foet,  or  2,010  aqnare  inobes;  whereas '  1,9S0 
square  iaches  is  the  area  giren  h7  Uonlton  and  Watt's  mlo- 
Peclet'B  rale,  cooseqnently,  gives  areas  much  too  great  for  bmlets  J 
with  internal  flues,  though  it  will  anawer  pretty  well  for  small  I 
land  hoilei-s  witb  external  flues:  but  even  here  it  has  the  ill  ill  I 
vantage  of  being  too  complicated  for  common  uae.  It  is  dear  ' 
that  the  friction  of  the  smoke  passing  through  internal  fines  most 
be  much  less  than  the  triction  of  smoke  passing  thrnngh  extemal 
flues  like  that  which  Boironnda  a  wagon-boiler.  For  as  only 
one  side  of  the  estemal  flues  iaefliaient  in  beating,  the  fine  « 
the  aanie  friction  per  foot  in  length  will  reijuire  to  be  nairiy 
three  times  as  long  as  in  the  case  of  an  internal  flua  of  the  same 
aj'ea,  to  give  the  required  amount  of  heating  smfaoe.  In  steam 
vesselH  mnch  he&t  is  wasted,  from  the  height  of  the  chimn^ 
being  scoesaarilj  so  limited  tliat  hnt  a  small  portion  of  the  as- 
censional force  due  to  the  tcmperatnrb  of  the  smoke  is  obtained. 
Thns,  if  a  height  of  chimney  of  139  feet  will  produce  an  exhaus- 
tion of  an  inch  of  water  when  the  heat  is  suflScient  to  expand 
the  oir  into  twice  its  volume,  as  will  be  the  case  at  a  tempers- 
tore  considerably  nnder  600°,  then  it  ia  clear  that  another  height 
of  1S9  feet,  added  to  the  first,  wonid  produce  an  exhoostion 
equal  to  a  column  of  two  inches  of  water  without  any  additional 
expenditure  of  heat;  and  this  increase  would  go  on  until  tiw 
velocity  of  the  draught  became  such  that  the  friction  of  the  ad- 
ditional height  balanced  its  ascensional  force.  In  stearn-vessels, 
where  the  chimney  is  necessarily  short,  a  great  part  of  the  ra:- 
hauating  or  rarefying  effect  of  the  heat  is  lost ;  and  in  steam- 
vessels,  therefore,  a  chimney-draught  is  a  more  wasteful  expe- 
dient  for  promoting  combustion  than  it  is  in  the  case  of  a  land 
boiler,  where  a  much  larger  proportion  of  the  ascensional  power 
of  the  heat  may  be  made  available. 

The  proportion  of  heating  surface  per  nominal  horae-power 


J 
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ofatainiiig  in  marme  boikrs  varies  vety  mnoh  in  different  exam- 
plea,  being  in  some  boilers  12  sqnare  feet,  in  others  17  sqnare 
feet,  in  others  20  sqnare  feet,  in  others  80  square  feet,  and  in 
some  as  mnch  as  35  square  feet  per  nominal  horse  power.    In 
&ot,  the  proportion  of  heating  surface  required  will  depend  upon 
Hie  intended  ratio  in  which  the  nominal  is  to  exceed  the  actual 
^w^,  which  is  now  often  as  much  as  8  or  9  times,  and  also 
vj^asL  the  measnre  of  expansive  action  which  is  proposed  to  be 
adopted.    In  marine  boilers,  as  in  land  boilers,  about  9  square 
Iwfe^  or  1  square  yard,  of  heating  surface  will  be  required  to  boil 
«ff  a  cubic  foot  of  water  in  the  hour,  and  in  Boulton  and  Watt's 
ibodem  marine  tubular-boilers  they  allow  10  square  feet  of  heat- 
^florface  to  evaporate  a  cubic  foot  of  water  in  the  hour,  10 
<lBare  inches  of  sectional  area  of  tubes,  7  square  inches  of  sec- 
tional area  of  chimney,  and  14  square  inches  of  area  over  the 
flnnace  bridges.    The  proportions  of  modem  flue-boilers  are  not 
very  different,  except  that  there  is  greater  sectional  area  of  flue. 
But  no  attempt  has  yet  been  made  to  connect  the  proportions 
ptoper  for  small  land  boilers,  with  those  proper  for  large  marine 
^ikrs,  or  to  construct  a  rule  that  would  be  applicable  to  every 
olatt  of  flue-boilers. 

Great  contoion  has  been  caused  by  referring  to  so  indefinite 
amit  as  the  nominal  power  of  a  boiler,  and  it  is  much  bet- 
ter to  make  the  number  of  cubic  feet  which  the  boiler  can 
oraporate  the  measure  of  its  power.  This  again  depends  upon 
file  intensity  of  the  draught.  But  it  may  be  reckoned  that  5  or 
(*  sqnare  feet  of  surface  will  evaporate  a  cubic  foot  per  hour  in 
locomotive  boilers,  and  9  or  10  square  feet  in  land  and  marine 
boilers. 

The  main  dimensions  and  proportions  of  Boulton  and  Watt's 
iragon-boilers  of  different  powers  are  given  in  the  following 
<Ha>l«:— 
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FBOPOBnON  OF  BOULTON  A2!n>  WATTES  WAGOIT  B01X3EB8. 


HOIM 

BoUtt. 

Bnadth 

of 
Bdtoc 

DmOi 
Boll«r. 

Mmoi 

Hdffbt 
ofFEM. 

Bnadth 

of 
¥1x10. 

SMttend 
Aim 

9t  mm. 

Aim 
«f  Flw 

p«H.P. 

• 

ft    in. 

ft.    in. 

ft.    in. 

in. 

in. 

Bq.  in. 

M-lll. 

9 

4   0 

8       2 

4       1 

20 

9 

180 

^       1 

8 

5    8 

8       4 

4       4 

21 

9 

189 

68     1 

4 

6    0 

8       6 

4       T 

22 

10 

820 

05 

■ 

6 

7    0 

8       9 

5       H 

21 

10 

270 

4» 

8 

8    0 

4       0 

5       6 

81 

12 

872 

U 

10 

9    0 

4       8 

5       H 

86 

18 

400 

M 

12 

10    0 

4       6 

6       0^ 

86 

13 

468 

» 

14 

10    0 

4       9 

6       2^ 

-  89 

18 

607 

II 

16 

11    9 

6       0 

6       6 

40 

14 

660 

» 

18 

18    8 

6       2 

6       8 

42 

14 

668 

tt 

SO 

18    6 

6       4 

6     11 

44 

14 

^6 

M 

. 

80 

16    0 

6       6 

T       8 

46 

16 

720 

14 

46 

19    0 

6       0 

8       5 

68 

16 

796 

IT 

■ 

These  proportions  enable  ns  to  establish  the  following  r^ 
which  is  applicable  to  flue-boilers  of  every  dass : — 

TO    DETEBMINE    THE    PBOPEB    SECTIONAL  ABEA  OF  THE  FLUB  0 

FLT7E-B0ILBRS. 

BcLE. — Multiply  thesqua/re  root  of  the  number  of  p&undi  rf 
coal  consumed  per  Jiour  by  tJie  constant  number  300,  atd  dir 
vide  the  prodtict  by  the  square  root  of  the  height  oftheehif^' 
ney  in  feet :  the  quotient  is  the  proper  sectional  area  of  th^ 
flue  in  square  inches. 

Example  1. — What  is  the  proper  sectional  area  of  the  flue  in 
a  flue-boiler  burning  100  lbs.  of  coal  per  hour,  the  chimney  being 
49  feet  high. 

Here  1^100"=  10,  and  10  x  800  =  3000;  which  divided  by 
7  (the  square  root  of  49)  =  428  square  inches,  which  is  the 
proper  area  of  the  flue  in  this  boiler. 

Example  2. — What  is  the  proper  sectional  area  of  the  flue  in 
a  flue-boiler  burning  30  lbs.  of  coal  per  hour,  the  chimney  being 
81  feet  high  ? 

Here  4^30  =  6-48,  and  5-48  x  300  =  1644;  which  divided 
by  9  (the  square  root  of  81)  =  183  nearly,  which  is  the  propel 
area  of  the  flue  in  square  inches. 
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Btamph  8. — VTbet  is  the  proper  area  of  tiie  flue  in  a  floe- 
(dler  burning  1,000  lbs.  of  coal  per  lioar,  and  with  the  ohinmef 
9fbethigh? 

Bere  4^1000  =  31-78,  which  x  800  =  0684,  and  dividing  br 
'(vhioh  is  the  aqnare  root  of  49),  we  get  1,863,  as  the  proper 
Q!M  of  tlie  flue  la  iqiiare  inches.  This  is  equivalent  to  18'6a 
pve  inches  per  horse-power. 

It  is  the  nniyersal  experience  with  boilers  of  ever^  clau,  that 
tog*  bdlers  are  more  eoonomical  than  small,  or,  in  other  word^ 
kit  a  given  qnantdty  of  coal  will  boil  oB  more  water  in  boUera 
)t  latge  power  than  in  boilers  of  small  power.  Nevertheless, 
it  purposes  of  classScatdoo,  it  may  be  convenient  to  asnime 
lie  sffldwcies  as  eqnal. 

-  The  propw  proportdona  of  floe-boilers  ftom  1  to  100  horses 
fOirer  are  given  in  the  following  Table : — 

raOFKB  FBOPOBTIOHB  OF  FLUX-BOUXBS  OF  DIFFBBBNT  POWZBfl. 
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Mr.  Watt  reckoned  that  ia  his  boilers  8  Iha.  of  coal  would 
evaporate  a  cnbic  foot  of  water  in  the  hoar,  which  is  eqmvaleiit 
to  an  actual  horse-power  in  the  case  of  engines  working  without, 
expansion.    Good  Welsh  coal,  however,  it  has  been  fonnd,  wOI 
evaporate  10  lbs.  of  water  for  each  ponnd  of  coal,  which  ii 
equivalent  to  1*6  cubic  feet  of  water,  or  1*6  horse's  power  in  th0 
case  of  an  engine  working  without  expansion;  and  if  such  a 
measure  of  expansion  be  used  as  will  donble  the  efficienojof 
the  steam,  then  10  lbs.  of  coal  burned  in  the  furnace  will  geoer 
rate  8*2  actual  horses'  power.    To  attain  this  measure  of  effi- 
ciency, however,  the  steam  would  have  to  be  cat  off  between 
i  and  ^  of  the  stroke,  and  in  the  best  boilers  and  engines  work- 
ing with  the  usual  rates  of  expansion  it  will  not  be  6fi£)  to 
reckon  more  than  2  (or  at  most  2^)  actual  horses'  power  as  o])* 
tainable  by  the  evaporation  of  a  cubic  foot  of  water.    Wbeiv 
therefore,  en^es  work  up  to  five  times  their  nominal  power,  tf 
they  now  often  do,  it  can  only  be  done  by  passing  throuj^  them 
twice  the  quantity  of  steam  that  answers  to  their  nominal  power 
—or,  in  other  words,  by  making  the  boilers  of  twice  the  propoP" 
tionate  size,  unless  where  some  expedient  for  producing  an  Vr 
tificial  draught  is  employed. 

The  proper  height  of  chinmey  where  the  sectional  area 

of  the  flue  is  known  can  easily  be  deduced  from  the  foregoinf 

rule. 

^     .^ ,        >t/P  X  300 ^^      ,      (VP  X  800) 

For  if  A  =  ^ -r-  then  h  =  ^^ r 

j^h  A 

which  formula  put  into  words  is  as  follows : — 

TO  FIND  THE  PEOPEE  HEIGHT  OF  A  OHIMNKT  IN  FEET  WHHff  TB» 
NTJMBEB  OF  PO  010)8  OF  COAL  OONSITMED  PEE  HOUB  AOT)  AMO 
THE  SEOTIOKAL  AEEA   OF  THE  FLUE  ABB  KaTOWIT. 

EuLE. — Multiply  tJie  square  root  of  the  number  of  poundt  of 
coal  consumed  per  hour  ly  the  constant  number  800,  wnd  i^ 
vide  the  product  by  the  sectional  area  of  the  flue  in  square 
inches;  the  sqtuire  of  the  quotient  is  the  proper  height  (ff^ 
chimney  in  feet 
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JSbampU  1. — ^What  is  the  proper  height  of  the  chinmey  of  a 
bofler  consnming  100  lbs.  of  coal  per  hour,  and  with  a  sectional 
Krea  of  flne  of  428  square  inches. 

Here  ylOO  =  10,  and  10  x  300  =  8000,  which  divided  by 
^08  =  7,  tiie  square  of  which  is  49,  which  is  the  proper  height 
of  the  chimney  in  feet. 

Example  2. — ^What  is  the  proper  height  of  the  chimney  of  a 
ine>boaler  consmning  100  lbs.  of  coal  per  honr,  and  with  a  seo- 
tional  area  of  fine  of  883  sqnare  inches  ? 

Here  ylOO  =  10,  and  10  x  800  =  8000,  which  divided  by 
its  =  9,  the  sqnare  of  which  is  81,  which  is  the  proper  height 
€(  the  dbimney  in  feet. 

In  flne-boilers,  the  sectional  area  of  the  chimney  will  be  the 
nme  as  that  of  the  flue  of  a  boiler  of  half  the  power.  Hence  in 
tM  foregoing  Table  the  proper  sectional  area  of  the  chimney  of 
f  20-horse  boiler — ^the  chimney  being  49  feet  high— will  be  the 
ttrne  as  the  sectional  area  of  the  fine  of  a  10-horse  boiler,  name- 
7 428  sqnare  inches,  with  a  height  of  chimney  of  49  feet;  and 
file  proper  sectional  area  of  the  chimney  of  a  30-horse  boiler 
vl&be  the  same  as  that  of  the  flue  of  a  15-horse  boiler,  namely, 
524  square  inches,  with  a  height  of  chimney  of  49  feet  If  the 
dbimney  be  91  feet  high,  then  the  values  will  become  383  and 
^  square  inches  respectively.  As  then  the  area  of  the  chimney 
fihonld  be  the  same  as  that  of  the  flue  of  the  boiler  of  half  the 
power,  it  is  needless  to  give  a  separate  rule  for  finding  the  area 
of  the  chimney,  as  such  rule  will  be  in  all  respects  the  same  as 
that  for  finding  the  proper  area  of  the  flue,  except  that  we  take 
^f  the  number  of  pounds  of  coal  burned  per  hour  instead  of 
tte  whole. 

In  marine  tubular  boilers  the  total  capacity  or  bulk  of  the 
boiler,  exclusive  of  the  chinmey,  is  about  8  cubic  feet  for  each 
cubic  foot  of  water  evaporated  per  hour — divided  in  the  propor- 
tion of  6*5  cubic  feet  devoted  to  the  water,  furnaces,  and  tubes, 
and  1*6  cubic  foot  occupied  as  a  receptacle  or  repository  for  the 
steam.  The  common  diameter  of  tube  in  marine  boilers  is  about 
8  inches,  and  the  length  is  28  or  80  times  the  diameter.  In  lo- 
comotive toilers  the  usual  diameter  of  the  tubes  is  2  inches^  and 
14 
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the  length  is  about  60  times  the  diameter.  The  area  of  i^e  blai 
orifice  in  locomotives  is  abont  -^th  of  the  area  of  tiie  chinnM| 
The  fire-bars  are  commonly  ^  inch  thick,  and  the  air-spaoes  m 
made  1  inch  wide  for  fast  tridns.  The  main  dimensdons  of  nMh 
rine  and  locomotive  boilers  required  for  the  evaporation  of  ft 
cubic  foot  of  water,  are  given  in  the  following  Table : — 

SBOPOBTIOirS    OF    MODSEN    BOILEBS    BEQUIBED    TO    BVAFOBAXI.i 

OUBIO  FOOT  OF  WATEB  FEB  HOUB. 


Proportloii  nqaired  p«r  CoUo  Foot  oraponted 
parluNir. 


Square  feet  of  heating  surfoce 

Square  inches  of  flre-nrate 

Square  inches  sectional  area  of  flue  or  tubes 
Square  inches  sectional  area  of  ehminey. . . 
Square  feet  of  heating  sur&ce  per  square 

Toot  of  fire  grate 

Pounds  of  coal  or  coke  consumed  on  each 

square  foot  of  fire  grate  per  hour. 


Marino  Flo*. 


Marina  Tabu- 
lar. 


8 
70 
18 

6 

16*48 
16 


9  to  10 
7« 
10 
T 

18-54 

16 


Loeonatffik, 


IB      1 
H 

48 


The  quantity  of  coal  or  coke  bnmed  on  each  square  foot  tf 
fire-grate  in  the  hour  to  evaporate  a  cnbic  foot  of  water  wlU  o^ 
course  very  much  depend  on  the  goodness  of  the  coal  or  ookei 
In  the  above  Table  the  average  working  result  of  8  lbs.  of  wat«f 
evaporated  by  1  lb.  of  coal,  or  a  cubic  foot  of  water  evaporated 
by  7*8  lbs.  of  coal,  is  taken. 

The  efficiency  of  a  steam  vessel  is  measured  by  the  expendi- 
ture of  fuel  necessary  to  transport  a  given  weight  at  a  gi^oB 
speed  through  a  given  space,  and  one  of  the  most  efficient  steatt 
vessels  of  recent  construction  is  the  steamer  Hansa,  built  \fj 
Messrs.  Oaird  &  Co.,  to  ply  between  Bremen  and  America.  I* 
this  vessel  there  are  two  inverted  direct-acting  engines,  with  cf 
linders  80  inches  diameter  and  3  J  feet  stroke.  Tliere  are  tom 
tubular  boilers,  with  four  furnaces  in  each,  containing  a  totil 
grate  surface  of  350  square  feet,  and  a  heating  surfiEuse  of  9,200 
square  feet ;  besides  which  there  is  a  superheater,  containing  ft 
heating  surface  of  2,100  square  feet.  The  steam  is  of  35  Iba 
pressure  on  the  square  inch,  and  it  is  condensed  by  being  dis- 
charged into  a  vessel  traversed  by  3,584  brass  tubes,  1  inch  ex* 
temal  diameter,  and  7  feet  long.    Each  tube  having  1**'6  eqnart 
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kt/k  of  cooling  sorfiioe,  the  total  cooling  snrfiaoe  will  be  6,272,  or 
tboQt  two»third8  of  the  amount  of  heating  surface.    The  cooling 
water  ia  sent  through  the  tubes  bj  means  of  two  double  acting 
pompfl,  21  inches  diameter  and  24  inches  stroke,  worked  from 
the&nrard  end  of  the  crank-shaft.     It  is  much  better  to  send 
the  water  through  the  tubes  than  to  send  the  steam  through 
tiiem.    But  standing  and  hanging  bridges  of  plate-iron  should  be 
introduced  alternately  in  the  chamber  traversed  by  the  tubes,  so 
tt  to  compel  the  current  of  steam  to  follow  a  zigzag  course ;  and 
tbe  steam  should  be  let  in  at  that  end  of  the  chamber  at  which 
tbe  water  is  taken  o£^  so  that  the  hottest  steam  may  encounter 
^e  hottest  water.    It  would  farther  be  advantageous  to  ii\{ect 
'the  fSaed  water  into  a  small  chamber  in  the  eduction-pipe,  so  aa 
itoiaisethe  feed- water  to  the  boiling-point  before  being  sent 
into  the  boiler ;  or  the  feed-pipe  might  be  coiled  in  the  eduction* 
Snpe  80  as  to  receive  the  first  part  of  the  heat  of  the  escaping 
ttoam.    A  length  of  7  feet  appears  to  be  rather  great  for  a  pipe 
tti  inch  diameter,  as  the  water  at  the  end  of  it  will  "become  so 
hit  aa  to  cease  to  condense  any  steam,  unless  the  velocity  of  the 
W  be  so  great  as  to  involve  considerable  resistance  from  fric- 
tion.   Short  pipes,  with  an  abundant  supply  of  cold  water,  will 
Inable  a  very  moderate  amount  of  refrigerating  surface  to  suffice, 
as  plainly  appears  from  Mr.  Joule's  experiment,  already  recited. 
>    If  we  reckon  the  engines  of  the  Hansa  at  700  horses'  power, 
ftare  will  be  half  a  square  foot  of  grate-bars  per  nominal  horse- 
^wer,  and  18*1  square  feet  of  heating  surflEice  per  nominal 
hQrsfr*power  in  the  boiler,  besides  8  square  feet  in  the  super- 
hater,  making  in  all  16-1  square  feet  of  heating  surface  per 
Miinal  horse-power,  or  82*2  square  feet  of  heating  surface  per 
ifoare  fi>ot  of  fire-grate.    If  we  take  9  square  feet  as  evapora- 
ting a  cubic  foot  of  water  per  hour,  then  the  total  evaporation 
of  the  boilers  in  cubic  feet  will  be  9,200  -s-  9  =  1,022  cubic  feet 
per  hour;  and  if  we  reckon  8  lbs.  of  coal  as  necessary  to  evapo- 
rate a  cubic  foot,  then  the  consumption  of  coal  per  hour  will  be 
^176  lbs,  or  8*6  tons  per  hour,  supposing  the  boiler  to  be  work- 
ing at  its  greatest  power.    This  is  11*6  lbs.  of  coal  per  nominal 
Jiarae-power,  reckoning  the  power  at  700 ;  and  at  this  rate  of 
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oonsomption  28*2  lbs.  of  coal  wiU  be  burned  everj  hour  on  tendt 

square  foot  of  fire-grate,  to  generate  the  steam  rqenired  fcfc  b 
nommal  horse-power,  or  it  will  be  16  lbs.  on  each  square  foot 
every  hour  to  evaporate  a  cubic  foot — ^there  being  neaily  l"^ 
cubic  feet  of  water  evaporated  for  the  production  of  each  nomi- 
nal horse-power. 

nsmiOATioNS  to  fe  fulfilled  eet  masine  boeuebs. 

In  all  boilers  the  expedients  for  maintaining  a  proper  <»roa- 
lation  of  the  water,  so  that  the  flame  may  act  upon  soM  water, 
and  not  upon  a  mixture  of  water  and  steam,  have  been  grea47 
neglected ;  and  the  consequence  is  that  a  much  larger  amount  U 
surface  is  required  than  would  otherwise  be  necessary.  Tbe 
metal  of  the  boiler  is  often  bent  and  buckled  by  being  overhesledi 
and  priming  takes  place  to  an  inconvenieut  extent.  In  all  tabu- 
lar boilers  the  water  should  be  within  the  tubea^  and  those  tabtf 
should  be  vertical,  so  as  to  enable  the  current  of  steam  andwitff 
to  rise  upward  as  rapidly  as  possible.  The  best  form  of  steen- 
boat  boiler  hitherto  introduced  is  the  haystack  boiler,  for  whkib 
we  are  indebted  to  the  fertile  ingenuity  of  Mr.  David  Nsplfff 
and  in  which  boiler  the  prescribed  indications  are  well  fiolfiUei 
In  the  haystack  boiler,  which  is  much  used  in  the  smaller  dltf 
of  river-boats  on  the  Clyde — ^but  which,  hke  the  oscillating  en- 
gine at  the  earlier  period  of  its  history,  has  not  yet  been  empk^ 
in  seagoing  vessels — ^the  tubes  are  vertical,  with  the  water  within 
them ;  and  the  smoke  on  its  way  to  the  chimney  imparts  its  W 
to  the  water  by  impinging  upon  the  outsides  of  the  tubes.  The 
late  Lord  Dundonald  (another  remarkable  mechanical  genial) 
proposed  a  similar  plan  of  boiler ;  and  boilers  on  his  principle 
— ^in  which  the  furnace  flue  of  a  common  marine  flue-boiler  iB 
filled  with  a  grove  of  small  vertical  tubes  on  which  the  smoke 
impinges  on  its  way  to  the  chimney — have  been  mnoh  used  on 
the  Continent  with  good  results,  and  were  also  introduced  in  tlw 
Collins  line  of  steamers  navigating  the  Atlantic.  The  Cly^ 
haystack  boilers  are  generally  made  of  the  form  of  an  JS^^nf^ 
cj  linder  with  a  hemispherical  top,  firom  the  centre  of  which  the 
chimney  ascends.    The  furnace  is  circular,  with  a  waier-9^ 
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w>  aroand  it,  and  with  a  eironlar  crown ;  so  that  the  fhmaoe 
«fin«,  in  feet,  a  short  cylinder,  divided  in  some  cases  into  four 
^ttartwB  by  vertical  water-spaces  crossing  one  another.    Suitable 
Passages  are  provided  to  conduct  the  smoke  from  the  furnace 
^to  a  cylindrical  chamber  situated  above  it — ^the  diameter  of 
ftia  cylinder  being  the  same  as  that  of  the  shell  of  the  boiler, 
less  the  breadth  of  a  water-space  which  runs  round  it ;   and  the 
height  of  this  cylinder  being  equal  to  the  length  of  the  tubes. 
Ihe  tubes  are  set  in  circles  round  the  chimney ;  and  the  smoke, 
which  is  delivered  from  the  furnace  near  the  exterior  of  the 
l^lindrical  chamber,  has  to  make  its  way  among  the  vertical 
tabes  before  it  can  reach  the  chimney.    The  lower  tube-plate 
Wd  the  furnace  crown  are  stayed  to  one  another  by  frequent 
bdts,  and  the  cylindrical  chamber  containing  the  tubes  is  also 
bolted  at  intervals  to  the  shell  of  the  boiler.    The  water-space 
intervening  between  the  lower  tube-plate  and  furnace  crown  is 
ntdevery  wide,  so  as  to  hold  a  large  body  of  water,  and  also  to 
Mable  a  person  to  reach  in  should  repairs  be  required.    The  only 
weak  part  of  this  boiler  is  the  root  of  the  chimney,  which  some- 
times has  collapsed  from  becoming  overheated  by  the  flame  as- 
oending  the  chimney  before  the  steam  has  been  generated ;  and 
the  small  pressure  of  the  air  shut  within  the  boiler  when  heated 
has  caused  the  root  of  the  chimney  to  collapse.    This  risk  is 
aasily  prevented  by  placing  several  rings  of  T-iron  around  the 
myt  of  the  chimney,  within  the  steam-chest,  and  also  by  carry- 
ng  down  the  planting  of  the  chimney  for  some  distance  into  the 
tabe-chamber,  so  as  to  constitute  a  han^g-bridge  that  would 
iiinder  the  hottest  part  of  the  smoke  from  escaping,  and  retain  it 
in  the  tube-chamber,  until  it  had  given  out  the  principal  part  of 
its  heat  to  the  water.    In  all  boilers  of  this  construction  these 
precautions  should  be  adopted ;  and  it  would  further  be  usefid 
to  place  a  short  piece  of  pipe  in  the  mouth  of  every  upright  tube, 
BO  as  to  continue  the  tube  up  to  the  water-level,  whereby  the 
Dolumn  being  elongated  its  ascensional  force  would  be  increased, 
ind  the  circulation  of  the  water  be  rendered  more  rapid. 

As  this  species  of  boiler  is  likely  to  come  into  use  both  for 
iteam-veflsels  and  for  locomotives,  it  will  be  proper  to  indicate 
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the  fonnswhidi  appear  to  be  most  scdtable  fin*  those  olj^^  hi 
steam-vessels  it  is  desirable  to  combine  the  introdaetioQ  of  t  spe- 
cies of  boiler  adapted  for  working  at  a  hi^er  preasme,  witli 
arrangements  for  bnming  the  smoke,  which  will  be  best  done 
bj  maintaining  a  high  temperature  in  the  fmnaoe ;  and  a  M^ 
degree  of  heat  will  be  best  kept  np  in  the  fhmaoe  bj  fimniiigii 
of  firebrick  instead  of  surrounding  it  with  water  in  the  Tuaaal 
manner.  I^  therefore,  a  square  box  of  iron  be  taken  and  fined 
with  firebrick,  and  if  it  be  divided  longitudinaQj  and  transverBellj' 
by  these  brick  walls,  and  afterwards  be  arched  over,  we  shaB 
have  four  furnaces,  requiring  merely  the  introdnction  of  thefire* 
bars  to  enable  them  to  be  put  into  operation.  Suppose  that  on  the 
top  of  each  of  these  square  boxes  a  barrel  of  vertical  tubes  is 
placed,  the  barrel  being  sufGicientlj  sunk  into  the  brickwoikto 
estabUsh  a  commimication  for  the  smoke  between  a  hole  at  each 
of  the  four  top  comers  of  the  box  and  corresponding  perforati(His 
in  the  barrel,  we  shall  then  have  the  smoke  from  each  of  the 
four  furnaces  into  which  the  box  is  divided  escaping  from  one 
comer  into  the  chamber  containing  the  tubes,  and  after  traveHiog 
among  them  passing  to  the  chimney.  In  such  a  boiler  the  drca- 
lation,  of  the  water  could  be  maintained  by  forming  the  QJbsBnal 
water-space  very  thick,  and  by  placing  a  diaphragm-plate  in  it ;  so 
that  the  water  and  steam  could  rise  upward  on  the  side  of  the 
water-space  next  to  the  tube  chamber,  while  the  solid  water  de- 
scended on  that  side  of  the  water-space  next  to  the  boiler-sheH 
The  intervening  plate  would  enable  these  currents  to  flow  in 
opposite  directions  without  interfering  with  one  another. 

In  a  boiler  of  this  kind  the  grate-bars  should  have  a  sufficient 
declivity  to  enable  the  coal  to  advance  itself  spontaneously  upen 
them ;  and  if  there  are  two  lengths  of  firebars  in  the  furnace,  the 
front  length  should  be  set  closer  together  than  the  others,  so  tf 
partially  to  coke  the  coal  as  on  a  dead-plate,  before  it  enters  into 
combustion.  This  coking  would  be  affected  by  the  radiant  herf 
of  the  furnace,  to  which  heat  the  coal  would  be  exposed.  The 
openings  through  which  the  smoke  would  escape  to  the  tube- 
chamber  might  be  perforations  or  lattice  openings  in  the  bri(^' 
work,  so  as  to  bring  every  particle  of  the  smoke  into  intimate 
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oocitaot  with  the  incandesoent  material  of  which  the  fomace  is 
oompoaed;  and  these  perforations  should  not  have  too  mnch 
i^rea,  else  the  heat  would  escape  to  the  tabes  too  rapidly,  and 
the  temperatore  of  the  furnace  would  fail.    To  maintain  a  snffi- 
Oient  draught  to  bring  in  the  requisite  supply  of  air  to  the  fuel, 
^  jet-pipe  of  steam  could  be  introduced  at  the  bottom  of  the 
ehimney;  which  jet-pipe  would  open  into  a  short  piece  of  pipe 
of  larger  diameter,  also  pointing  up  the  chimney,  and  it  into 
another  larger  piece,  and  so  on.    The  jet  at  each  of  these  short 
pieces  of  pipe  would  draw  in  smoke  and  form  with  the  previous 
Jet  a  new  jet,  which  would  become  of  larger  and  larger  volume 
mdless  velocity  at  successive  steps,  until  the  dimensions  of  the  jet 
itd  enlarged  to  an  area  perhaps  equal  to  half  the  area  of  the 
cihinmey.    It  wHl  be  sufficient  if  the  length  of  each  piece  of  pipe 
be  a  little  greater  than  its  diameter;  and  the  lower  end  of  each 
piece,  or  that  end  facing  the  current  of  smoke,  should  be  opened 
aHttle  into  a  funnel  shape,  the  better  to  catch  the  smoke  and 
Garry  it  forward,  to  form  with  the  steam  a  jet  continually  en- 
larging its  dimensions.    By  this  mode  of  construction  a  powerful 
draught  will  be  created  by  the  jet  with  a  very  small  expenditure 
of  steam.    The  area  through  the  cylindrical  hanging-bridge  at 
fhe  root  of  the  chimney  should  not  be  large,  and  the  bridge  itself 
dioold  be  perforated  with  holes  in  some  places,  so  as  to  establish 
a  Boffident  current  of  the  smoke  upward  among  the  tubes  to  pre- 
sent the  heat  and  flame  being  swept  past  direct  to  the  bottom  of 
the  chimney  without  rising  among  the  tubes  to  impart  its  heat 
to  them. 

Lql  the  case  of  locomotive  boilers  formed  with  upright  tubes, 
fhe  fire-box  would  be  the  same  as  at  present ;  but  that  part  of 
the  boiler  called  the  barrel,  and  which  is  now  flUed  with  longi- 
tudinal tubes,  would  be  formed  with  flat  sides  and  bottom  and  a 
semicircular  top,  so  that  it  would  have  the  same  external  form 
as  the  external  fire-box,  and  this  vessel  would  be  traversed  by  a 
square  fine,  in  which  the  vertical  tubes  would  be  set.  The  sides 
and  bottom  of  this  flue  would  be  affixed  to  the  shell  by  staybolts 
in  the  same  manner  as  the  iutemal  and  external  fire-boxes  are 
itayed  to  one  another ;  and  the  top,  being  semicircular,  would 
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not  reqnira  staying,  while  tbe  npper  tiibe-plata  forming  the  top 
of  the  square  internal  flae  wonid  be  Btrntted  asunder  and  prevent- 
ed from  collapsing  tj  the  tnbes  themselTes,  some  of  whioh  ahonld 
bo  screwed  into  the  plates  or  formed  witb  internal  nuts,  to  make 
thorn  more  efficient  in  this  respect.  Snob  a  boiler  woold  hwe 
varioua  advantages  over  ordinary  looomotiTC  boilers,  and  might 
be  made  of  any  power  that  was  desired  without  any  limitation 
being  imposed  by  the  width  of  the  gange  of  tiie  rulway.  Such 
boUera  might  also  be  osed  for  steam-vessela  by  merely  increaing 
tbe  area  of  the  fire-grate. 


Tbe  proportions  which  n  boiler  should  possess  in  order  to  hsre 
a  safe  amount  of  strength  will  he  determined  partly  by  tbop-es- 
Bore  of  the  steam  within  the  boiler,  and  partly  by  tbe  dimen- 
sions and  configuration  of  the  boiler  itself.  The  best  propor- 
tions of  the  riveted  joints  of  the  plates  of  which  boilers  ore  made 


BBST   FB0POETION8   o 


T.^„r 

Hi'^.^r 

PTOpT^t-U,. 

,5?Si 

^'& 

incl™, 

j«.-. 

A 

! 
1 

w 

H 

2:V 

H 

1 

St 
8 

2 
8 

1 

If  the  strength  of  the  plate  iron  he  taken  at  100,  then  itbfis 
been  found  esperimcntrdly  that  tbe  strength  of  a  single-riveted 
joint  will  be  represented  by  the  number  56,  and  a  double  rive(*d 
joint  by  the  number  70.  According  to  the  experiments  of  Messrs. 
Napier  and  Sons,  tbe  average  tensile  strength  of  rolled  bars  of 
Yorkshire  iron  was  found  to  61,506  lbs.  per  square  inch  of  seoUfai, 
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and  the  average  strength  of  bars  made  by  nine  different  makers 
(and  porohased  promiscnonsly  in  the  market)  was  found  to  be 
59,976  lbs.  i>er  square  inoh  of  section.  The  tensile  strength  of 
east  steel  bars  intended  for  rivets  was  found  to  be  106,950  lbs. 
per  square  inch  of  section,  of  homogeneous  iron  90,647  lbs.,  of 
forged  bars  of  puddled  steel  71,486  lbs.  and  of  rolled  bars  of 
puddled  steel  70, 1 66  lbs.  per  square  inoh  of  section.  The  strength 
ef  Yorkshire  plates  Messrs.  Kapier  found  to  be — ^lengthwise 
S5,433  lbs.,  crosswise  50,462  lbs.,  and  the  mean  was  52,947  lbs. 
per  square  inch  of  section.  The  tensile  strength  of  ordinary  best 
and  best-hest  boiler  plates,  as  manufactured  by  ten  different 
makers,  was  found  to  be — ^lengthwise  50,242  lbs.,  crosswise  45,986 
lbs.,  and  the  mean  was  48,114  lbs.  per  square  inch  of  section. 
Flates  of  puddled  steel  varied  from  85,000  lbs.  to  101,000  lbs. 
per  square  inch  of  section,  and  homogeneous  iron  was  found 
to  have  a  tensile  strength  of  about  96,000  lbs.  per  square  inoh  of 
.  IMction. 

Experiments  have  been  made  to  determine  the  strength  of 
bolts  employed  to  stay  the  flat  surfaces  of  boilers  together;  and 
it  has  been  found  that  an  iron  bolt  f  ths  of  an  inch  diameter,  like 
tiie  staybolt  of  a  locomotive,  screwed  into  a  copper  plate  f  ths 
of  an  inch  thick,  and  not  riveted,  bore  a  strain  of  18,260  lbs. 
More  it  was  stripped  and  drawn  out.  When  the  end  of  the  bolt 
▼as  riveted  over  it  bore  24,140  lbs.  before  giving  way,  when  the 
lead  of  the  rivet  was  torn  off,  and  the  bolt  was  stripped  and 
drawn  through  the  plate.  When  the  bolt  was  screwed  into  an 
iron  plate  f  ths  of  an  inoh  thick,  and  the  head  riveted  as  before, 
it  bore  a  load  of  28,760  lbs.  before  giving  way,  when  the  stay  was 
torn  through  the  middle.  When  the  staybolt  was  of  copper 
screwed  into  copper  plate  and  riveted,  it  broke  with  a  load  of 
16,265  lbs.,  after  having  first  been  elongated  by  the  strain  one- 
sixth  of  its  length.  Locomotive  fire-boxes  are  usually  stayed 
with  i-inch  bolts  of  iron  or  copper  pitched  4  inches  asunder,  and 
tapped  into  the  metal  of  the  outer  and  inner  fire-boxes,  and  the 
stays  are  generally  screwed  from  end  to  end.  These  stays  g^ve  a 
etmsdderable  excess  of  strength  over  the  shell,  but  it  is  necessary 
to  provide  for  the  risk  of  a  bad  bolt. 
14* 
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With  these  data  it  la  eaqr  to  tell  what  the  mt^^miXm^  (tf  a 
boiler  ahoold  be  to  withstand  any  giren  preflaureu    If  we  takeibe 
strength  of  a  single-riveted  joint  at  34^000  Iba.  per  sq[iiare  indi, 
thai  in  a  cylindrical  boiler  the  bmsting  strength  in  pounds  viU 
be  measured  bj  the  diameter  of  the  Ixnler  in  inches  nmltiplied 
bj  twice  the  thidmefls  of  the  {date  in  inches,  and  bj  the  preaBoie 
of  the  steam  per  square  inch  in  pounds;  and  this  product  will  be 
84,000  lbs.    Thus  in  a  cylindrical  boiler  8  feet  or  86  inches  diame- 
ter and  half  an  inch  thick,  if  we  supposea  length  of  one  inch  to  be 
eut  off  the  cylinder  we  shall  have  a  hoop  |^  an  inch  thick  and  1  incb 
long.    If  we  8U]^>ose  one-half  of  the  hoop  to  be  held  fSast  while 
the  steam  endeavours  to  burst  off  the  other  halJ^  the  separation 
will  be  resisted  by  two  pieces  of  plate  iron  1  inch  long  and  i  aa 
indi  thick ;  or,  in  other  words,  the  resisting  area  of  metal  will  be 
one  square  inch,  to  tear  which  asunder  requires  84,000  lbs.   The 
separating  force  being  the  diameter  of  the  boiler  in  inches  mnl* 
tiplied  by  the  pressure  of  the  steam  on  each  square  inch,  and  this 
being  equal  to  84^000  lbs.,  it  follows  that  if  we  divide  the  total 
separating  force  in  pounds  by  the  diameter  in  inches,  we  ahaH 
obtain  the  pressure  of  the  steam  on  each  square  inch  that  would 
just  burst  the  boiler.    Now  84,000  divided  by  36  (which  is  the 
diameter  of  the  boiler  in  inches)  gives  944*4  lbs.  as  the  preasore 
of  the  steam  on  each  square  inch  that  would  burst  the  boiler.   A 
certain  proportion  of  the  bursting  pressure  will  be  the  safe  work- 
ing pressure,  and  Mr.  Fairbairn  considers  that  one  sixth  of  the 
bursting  pressure  will  be  a  safe  working  pressure ;  but  in  my 
opinion  the  working  pressure  should  not  be  greater  than  between 
one-seventh  and  one-eighth  of   the  bursting   pressure.    The 
rule  which  I  gave  in  my  *  Catechism  of  the  Steam  Engin^i 
for  determining  the  proper  thickness  of  a  single-riveted  boiler, 
proceeds  on  the  supposition  that  the  working  pressure  shooldbe 
f^  of  the  bursting  pressure.    That  rule  is  as  follows : — 

TO  FIND  THE  PEOPEE  THIOKNESS   OF  THE  PLATES   OF  A  ESSSOilS' 

EIVETED  OTLmDEIOAT.  BOILEB.  ' 

Rule. — Multiply  the  internal  diameter  of  the  "boiler  in  inchi* 
ly  the  pressure  of  the  steam  in  lbs,  per  sqiuire  inch  above  th^ 
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o^MMful^^  and  dwide  thepraduot  hy  8,900:  the  qttotimt  is 
the  proper  thickness  0/ the  plate  of  the  loiler  in  inches. 

Example  l.^-What  is  the  proper  thickness  of  the  plating 
>f  a  fflngle-riveted  cylindrical  boiler  of  3^  feet  diameter,  and 
iitended  to  work  with  a  pressure  of  80  lbs.  on  the  sqnare 
neh? 

Here  42  inches  (which  is  the  diameter)  multiplied  by 
JO  =  8360,  and  this  divided  by  8900  =  -377,  or  a  little  over  |  of 
ill  !nch«    The  decimal  *375  is  f  of  an  inch. 

JSlxample  2. — ^What  is  the  proper  thi<}kness  of  a  single-riveted 
cylindrical  boiler  3  feet  diameter,  intended  to  carry  a  pressure 
}f  100  lbs.  on  the  sqnare  inch  ? 

^     Here  36  inches  x  100  =  3600,  which  divided  by  8900  =  '4, 
or,  as  nearly  as  possible,  ^  and  ^. 

As  the  double-riveted  joint  is  stronger  than  the  single-riveted 
in  the  proportion  of  70  to  56,  it  follows  that  56  square  inches  of 
sectional  area  in  a  double-riveted  boiler  will  be  as  strong  as  70 
square  inches  in  a  single-riveted.  This  relation  is  expressed  by 
the  following  rule : — 

TO  FIND  THE  PBOPEB  THI0ENE8S  OF  THE  PLATES  OF  A  DOUBLE- 

BTVETED  OYLINDBIOAL  BOILEB. 

Bulb. — Multiply  the  internal  diameter  of  the  hoiler  in  incTies  hy 
the  pressure  of  the  steam  in  pounds  per  squa/re  inch  above  the 
atmosphere^  and  di/oide  the  product  hy  the  constant  number 
11140 :  the  quotient  wUl  he  theproper  thichnsss  of  the  hoiler 
in  inches  when  the  seams  are  double-riveted. 

Example  1. — What  is  the  proper  thickness  of  the  plates 
3f  a  double-riveted  cylindrical  boiler  42  inches  diameter,  and 
ntended  to  work  with  a  pressure  of  80  lbs.  per  square  inch  ? 

Here  42  x  80  =  3360,  and  this  divided  by  11140  =  '8016, 
>r  about  ^f^  of  an  inch,  which  is  the  proper  thickness  of  the 
ilates  when  the  boiler  is  double-riveted. 

Example  2. — ^What  is  the  proper  thickness  of  a  double-riveted 
cylindrical  boiler  3  feet  diameter,  intended  to  carry  a  pressure  of 
100  lbs.  on  the  square  inch  ? 
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Here  86  inches  x  100  =  8600,  which  divided  by  lil40  == 
or  a  little  more  than  -ji^  of  an  inch,  which  will  be  the  ^raper 
thickness  of  the  plates  of  the  boiler  when  the  seams  are  doable- 
riveted. 

If  T  =  the  thickness  of  the  plate  in  inches,  D  =  the  diameter 

of  the  cylinder  or  shell  of  the  boiler  in  inches,,  and  P  =  &d 

pressure  of  the  steam  per  sqnare  inch :    Then 

D  p 
T  =  ggoQ  is  the  formula  for  the  thickness  of  single-rireted 

boilers,  and 

DP 

T  =  iiiAQ  is  the  formula  for  double-riveted  boilers. 
Moreover,  in  single-riveted  boilers — 


P  = 


P 

8900  T 


D 

So  also  for  double-riveted  boilers — 


P  = 


P 

11140  T 


D 

These  formulsB  put  into  words  are  as  follows : — 

TO  FIND  THB  PEOPEB  DIAMETEE  OP  A  BINGLE-MVBTKD  BOUM 
OP  KNOWN  THICKNESS  OP  PLATES  AND  KNOWN  PBESSUEB  OF 
STEAM. 

Uttle,— Multiply  the  thicknesa  in  inches  ty  the  constant  nunHf^ 
8900,  and  divide  iy  the  pressure  of  the  steam  in  lbs,  per  sq^ 
inch.     The  quotient  is  the  proper  dia/meter  of  the  "boiler  *** 
incJies, 
Hxample  1. — ^What  is  the  proper  diameter  of  a  single-riveted 

cylindrical  boiler  composed  of  plates  '877  inches  thick,  «^ 

intended  to  work  with  a  pressure  of  80  lbs.  on  the  sqtia^ 

inch? 

Here  -377  x  8900  =  8366-3,  which  divided  by  80=41'^ 

inches,  or  42  inches  nearly,  which  is  the  proper  diameter  in  iiich^^ 
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JSaeample  2.*— What  is  the  proper  diameter  of  a  single-riveted 
}0]ler  composed  <^  plates  *4  inches  thick,  and  intended  to  work 
inth  a  pressure  of  100  lbs.  on  the  square  inch  ? 

Here  '4  x  8900  =  3560,  which  divided  by  100  =  86-6  inches, 
irhich  is  the  proper  diameter  of  the  cylindrical  shell  of  the  boiler 
in  this  case. 

CO  FIND  THE  PBESSUBE  TO  WHICH  A  SINGLE-BIVETED  OYUNDBIOAL 
BOHJBB  MAT  BB  WOBKBD  WHEN  ITS  DIAMBTEB  AND  THE  THIOK- 
NESS  OF  ITS  PLATING  ABE  KNOWN. 

BuLE. — Multiply  the  thichnesa  of  the  plating  in  inches  Jyy  the 
constant  number  8900,  and  dimde  the  product  hy  the  diameter 
of  the  boiler  in  inches.     The  quotient  is  the  pressure  of  steam 
per  square  inch  at  which  the  boiler  may  be  worhed. 

Example  1. — What  is  the  highest  safe-working  pressure  in  a 
nngle-riveted  boiler  42  inches  diameter,  and  composed  of  plates 
877  ofan  inch  thick? 

Here  -377  x  8900  =  8855-3,  which  divided  by  42  =  79*8 
bs.  per  square  inch,  which  is  the  highest  safe  pressure  of  the 
steam. 

Example  2. — ^What  is  the  highest  safe-working  pressure  in  the 
case  of  a  single-riveted  boiler  36  inches  diameter,  and  composed 
of  plates  *4  of  an  inch  thick  ? 

Here  -4  x  8900  =  3560,  which  divided  by  36  =  99  lbs.  per 
aqnare  inch. 

The  rules  for  double-riveted  boilers  are  in  every  case  the 

same  as  those  for  single-riveted,  only  that  the  constant  11140  is 

iMed  instead  of  the  constant  8900.    It  will  therefore  be  unneces- 

tMffy  to  repeat  the  examples  for  the  case  of  double-riveted  boilers. 

Mr.  Fairbairn  has  given  the  following  table  as  exhibiting  the 

bursting  and  safe-working  loads  of  single  riveted  cylindrical 

boilers.    But  I  have  already  stated  that  I  consider  Mr.  Fairbaim's 

^rgin  of  safety  too  small.    The  working  pressure,  however, 

vhich  he  gives  for  single-riveted  boilers  would  not  be  too  great 

for  double-riveted  boilers,  as  will  appear  by  comparing  those 

pressures  with  the  pressures  which  the  foregoing  rules  indicate 

nay  bo  safely  employed. 
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TABLE  SHOlflNO  THE  BUBSTtSQ  ASD  SAFB-lfOBiaira'  PBBSSUBl 
07  OYUNDBIOAL  BOHJSBS,   AOOOBDINO  TO  MB.  VAIBBAISIf. 
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It  will  be  useful  to  compare  some  of  the  figures  of  this  tablo 
with  the  results  given  by  the  rules  just  recited.    For  example) 
according  to  Mr  Fairbairn,  a  single-riveted  boiler,  6  feet  diara^- 
ter,  and  formed  of  i-inch  plates,  may  be  habitually  worked  with 
safety  to  a  pressure  of  94J  lbs.  on  the  square  inch.    Now,  by  our 
rule,  -5  X  8900  =  4450,  which  divided  by  60,  the  diameter  of  the 
boiler  in  inches,  ^ves  74  lbs.  as  the  safe  pressure  at  which  the 
boiler  may  be  worked.    If  the  boiler  be  double-riveted,  then  ire 
have  -5  x  11140  =  5570,  which,  divided  by  60,  gives  98  lbs.  as 
the  pressure  per  square  inch  at  which  the  boiler  may  be  safely 
worked.    This  differs  very  little  from  Mr.  Fairbaim's  result  of 
94i  lbs.,  and  his  table  may  therefore  be  used  if  the  results  be  re- 
garded as  applicable  to  double-riveted  boilers,  but  as  applied  to 
single-riveted  boilers  his  proportions,  I  consider,  are  too  weak. 
The  fbllowing  diameters  of  boilers  with  the  oorresponding  thick- 
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Q608  (^  plates^  it  will  be  seen,  are  aU  of  eqnal  Btreogtbs^  ihear 
bnrstiiig  pressure  bemg  450  lbs.  per  square  inob,  wbich  answers 
^  84,000  lbs.  per  sqnare  incb  of  section  of  tbe  iron.  Diameter 
i  ft,  thickness  *250  inches ;  8^  fb.,  -291 ;  4  ft.,  -838 ;  4i  fb.,  -876 ; 
)  ft.,  -416 ;  61  ft.,  468 ;  6  ft.,  -600 ;  6J  ft.,  -641 ;  7  ft.,  -583 ;  7* 
t,  '626 ;  and  8  ft.,  -666, 

The  collt^suig  pressure  of  cylindrical  fines  follows  a  different 
aw  from  the  bursting  pressore,  being  dependent,  not  merely 
^n  the  diameter  and  thickness  of  the  tube,  but  also  upon  its 
ength;  and  Mr.  Fairbairn  gives  the  following  formula  for  com- 
mting  the  collapsing  pressure.  If  t  =  the  thickness  of  the  iron, 
*  =  collapsing  pressure  in  lbs.  per  square  inch,  l  =  length  of 
abe  in  feet,  and  d  =  diameter  of  tube  in  inches ;  then 

t2'19 

p  =  806,800  z — 

LD 

ncl  as  to  multiply  the  logarithm  of  any  number  is  equivalent  to 
aising  tiie  natural  number  to  the  power  which  the  logarithm  rep- 
©aents,  we  may  for  t^'W  write  2*19  log.  t.  With  this  trans- 
brmation  the  equation  becomes 

P  =  806;300  2:lii2?il. 

LD 

If  now  we  take  the  thickness  of  the  plate  of  the  circular  flue  at 
"291  inches,  and  if  we  make  the  diameter  of  the  flue  12  inches 
aiid  its  length  10  feet,  the  equation  will  become 

P  =  806,300  ^'^^  ^^g'  '^'^  . 
'  120 

Kow  '291  being  a  number  less  than  unity,  the  index  of  its  loga- 
rithm will  be  negative,  and  for  such  a  number  as  '291  the  index 
"Will  be  1,  the  minus  being  for  the  sake  of  convenience  written 
on  the  top  of  the  figure;  whereas  for  such  a  number  as  '0291  the 
index  will  be  2 ;  for  '00291  the  index  will  be  3,  and  so  on.  It 
does  not  signify,  so  far  as  the  index  is  concerned,  what  the  sig- 
nificant figures  are,  but  only  at  what  decimal  place  they  begin ; 
and  -1  haa  the  same  index  as  -291,  and  -01  as  "0291.  Now  the 
logarithm  of  291,  as  found  in  the  logarithmictables,  is  468893,  and 
he  index  being  1,  the  whole  logarithm  is  1-463893.    In  multi- 
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pi jing  a  logarithm  with  a  negatiye  index,  as  it  is  liie  index  alone 
that  is  negative,  while  the  rest  of  the  logarithm  is  positiYe,  ve 
most  multiply  the  quantities  separatelj,  and  then  adding  the 
positive  and  negative  quantities  together,  as  we  would  add  ft 
debt  and  a  possession,  we  ^ve  the  appropriate  sign  to  thftt 
quantity  which  preponderates.  Now  '463893  multiplied  \fj 
2-19  =  1*01592567,  and  T  multiplied  by  2'19  gives  2«19,  which  is 
a  negative  quantity.  Adding  these  products  together,  we  in 
pointof  fact  subtract  the  219  from  the  1*01592567,  whichleavtf 
2*82592567.  Now  if  we  turn  to  the  logarithmic  tables,  we  dftli 
find  that  the  number  answering  to  the  logarithm  82592567,  or 
the  number  answering  to  the  nearest  logarithm  thereto  (which  is 
826945),  is  6698;  but  as  the  index  is  negative,  tMs  qnantitj' 
will  be  a  fraction,  and  the  index  being  2,  the  number  will  begin 
in  the  second  place  of  decimals — or,  in  other  words,  it  will  be 
0-6698.  Now  806800  multiplied  by  -06698  =  54004-974^  which, 
divided  by  120,  gives  460  lbs.  as  the  collapsing  pressure.  If  we 
allow  the  same  excess  of  strength  to  resist  collapse  that  we 
allowed  to  resist  bursting — ^namely,  7*6  times— a  tube  of  the 
dimensions  we  have  supposed  will  be  safe  in  working  at  a  pres- 
sure of  60  lbs.  on  the  square  inch.  But  the  strength  of  tubes  to 
resist  collapse  may  easily  be  increased  by  encircling  them  with 
rings  of  T  iron  riveted  to  the  tube.  Cylindrical  flues  of  different 
dimensions,  but  of  equal  strength  to  resist  collapse,  are  specified 
in  the  following  table : — 

CYLINDEIOAL  FLUES  OP  EQUIVALENT  8TBENGTH,   THE  OOLLAPSIKO 
PBESSUBE  BEma  450  POUNDS  FEB  SQUABE  INCH. 


DUuneUr  of 

Flue 
In  InohM. 

Tbickneu  of  platai  In  dedmsl  parte  of  an  Indi. 

For  a  Fine  10  feet 
long. 

For  a  Fine  SO  fcet 
long. 

ForaFIueMlNt 
long. 

12 
18 
24 
80 
86 
42 
48 

•291 
•860 
•899 
•442 
•480 
•516 
•548 

•899 
•480 
•548 
•60T 
•659 
•70T 
•752 

"480 
•578 
•650 
•780 
•794 
•8BI 
•905 
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T   ^ 

If  p  =  806300  .  then  by  transformation 

LD 

-,2l9=ZiL?_  and 
806800 


219  / 


P  LD 


806300" 


If  now  we  put  p  the  collapsing  pressure  =  450  lbs.,  l  =  10 
ie&tf  and  d  =  12  inches,  the  expression  becomes 


T 


^^•^y  54000  ^  log.  '06784 
y  806300 ""       2-19     * 


In  like  manner  the  quantities  l  and  d  can  ea^y  be  derived 
from  the  formula,  and  in  fact  the  equations  representing  them 
idnbe 

L  =  ?2^22_Z!2!  and 


D  = 


PD 

806300  t8-1» 

P  L 


It  is  unnecessary  to  put  these  equations  into  words,  as  the 
rule  for  finding  the  collapsing  pressure  of  flues  is  not  much  re- 
paired, seeing  that  in  the  case  of  all  large  internal  flues  they  may 
be  strengthened  by  hoops  of  T  iron,  so  as  to  be  as  strong  as  the 
3heIL 

PBAOTIOAL  EXAMPLE  OF  A  LOOOMOTIYE  BOILEB. 

It  will  be  useM  to  compare  the  results  given  by  these  com- 
>utations  with  the  actual  proportions  of  a  locomotive  boiler  of 
^ood  construction,  and  I  shall  select  as  the  example  one  of  the 
»utside-oylinder  tank  engines  constructed  by  Messrs.  Sharp  and 
^o.  for  the  North- Western  Kailway.  The  diameter  of  cylinder  in 
his  locomotive  is  15  inches,  and  the  length  of  the  stroke  20  inches. 
?he  pressure  of  the  steam  in  the  boiler  is  80  lbs.  per  square  inch. 
?he  barrel  of  the  boiler  is  3  feet  6  inches  diameter,  and  10  feet 
i  inches  long,  and  it  is  formed  of  iron  plates  f  ths  thick.  The 
unction  of  the  plates  is  effected  by  a  riveted  jump-joint,  which 
i  equal  in  strength  to  a  single  riveted-joint.    The  rivets  are  i 
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inoh  in  diameter.  The  external  fire-box  is  of  iron  f  ths  thick, 
and  the  internal  fire-box  is  -^ths  thick,  except  the  part  of  tibe 
tube-plate  where  the  tubes  pass  through,  which  is  i  inch  thick; 
The  internal  and  external  fire-boxes  are  stayed  together  by  meaiu) 
of  copper  stay-bolts,  i  inch  in  diameter,  and  pitched  4  indhcB 
apart.  The  roof  of  the  fire-box  is  supported  by  means  of  seyea 
wrought-iron  ribs  1^  inches  thick  and  8|-  inches  deep,  which  rest 
at  the  ends  on  the  sides  of  the  fire-box,  while  the  fire-box  crown, 
being  bolted  to  the  ribs,  is  kept  up.  The  ribs  are  widened  out 
at  the  bolt-holes,  and  are  also  made  somewhat  deeper  there,  so 
that  only  a  surface  of  about  i  inch  round  each  bolt  bears  an.  the 
boiler  crown,  to  which  it  is  fitted  steam-tight.  To  assist  in  keep- 
ing up  the  crown,  the  cross-ribs  are  also  comiected  with  the 
roof  of  the  external  fire-box.  The  water  space  left  between  the 
outside  and  inside  fire-box  is  about  3  inches,  and  the  inade  fire^ 
box  should  always  be  made  pyramidical,  to  facilitate  the  disen* 
gagement  of  the  steam  from  the  surface  of  the  metal.  There  is 
a  glass  tube  and  three  gauge-cocks,  for  ascertaining  the  level  of 
the  water  in  the  boiler.  The  lowest  gauge-cock  is  set  8  inches 
above  the  roof  of  the  internal  fire-box,  the  next  3  inches  above 
that,  and  the  next  3  inches  above  that,  so  that  the  highest  cook 
is  9  inches  above  the  top  of  the  internal  fire-box. 

There  is  a  lead  plug  {^ths  of  an  inch  diameter  screwed  into 
the  top  of  the  fire-box.  But  the  usual  course  now  is  to  place  the 
lead  plug  in  a  cupped  brass  plug  rising  a  little  way  above  the 
furnace  crown,  so  that  the  lead  may  melt  before  the  plating  <^ 
the  crown  gets  red-hot,  should  the  supply  of  water  be  fix)m  any 
cause  intercepted. 

The  boiler  is  fitted  with  159  brass  tubes,  10  feet  7f  inches 
long,  If  inches  external  diameter,  and  ^i^th  of  an  inch  thick, 
fixed  in  with  ferules  only  at  the  fire-box  end.  Such  tubes  hist 
from  four  to  five  years,  and  they  are  now  made  thickest  at  the 
fire-box  end,  where  the  wear  is  greatest.  The  part  of  the  boiltf 
above  the  tubes  is  supported  by  eight  longitudinal  stays,  runmsg 
from  end  to  end  of  the  boiler.  The  back  tube-plate  is  of  iron 
|ths  of  an  inch  thick.  The  smoke-box  is  i  inch  thick,  and  tho 
chimney,  which  is  15  inches  diameter  at  bottom  and  12^  inches 
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al  top,  imd  rises  18  toet  8  inches  above  the  rails,  is  |th  of  an  inch 
tMck.    The  damper  for  regulating  the  dranght  is  placed  at  the 
ttODt  of  the  ash-pan,  and  there  is  another  similar  damper  at  the 
l>aok  of  the  ash-pan  to  be  nsed  when  the  engine  is  made  to  travel 
teckward,  which  tank  engines  can  the  better  do,  as  thej  have 
Ho  tender.    The  surface  of  the  fire-grate  is  lOfths  square  feet. 
The  steam  ports  for  admitting  the  steam  to  the  cylinder  are  11 
iaoihes  by  l|ths,  and  consequently  each  has  an  area  of  17*875  square 
^Bjdies.    The  branch  steampipe  leading  to  each  cylinder  has  i 
less  area  than  this.    The  blast-pipe  is  6^  inches  diameter,  taper- 
^g  to  6i  inches  diameter  at  the  top,  and  within  it  is  a  movable 
p&ece  of  taper  pipe,  which  may  be  raised  up  when  it  is  desired 
to  contract  the  blast  orifice.    The  consumption  of  coke  in  these 
ei^nes  is  25  lbs.  per  mile.    The  evaporation  in  locomotive 
Voilers  is  7i  to  8  lbs.  of  water  per  lb.  of  coke,  and  in  locomotive 
boilers  working  without  expansion  the  evaporation  of  a  cubic 
Ibot  of  water  in  the  hour  will  be  about  equivalent  to  an  actual 
Iiorse-power.    Kow  if  the  speed  be  supposed  to  be  80  miles  an 
hoar,  a  mile  will  be  performed  in  two  minutes;  and  as  the  con- 
fomption  per  two  minutes  is  25  lbs.,  the  consumption  per  one 
i&inute  will  be  the  half  of  25  lbs.,  or  say  12  lbs.  per  minute ;  and 
the  consumption  in  60  minutes,  or  one  hour,  will  be  conse- 
quently 720  lbs.  of  coke ;  and  if  8  lbs.  of  water  are  evaporated 
by  1  lb.  of  coke,  the  water  evaporated  per  hour  will  be  8  times 
tW,  or  5760  lbs.    K'ow  if  we  take  a  cubic  foot  of  water  at 
9H  lbs.,  and  as  the  evaporation  of  a  cubic  foot  in  the  hour  is 
equivalent  to  a  horse-power,  5760  divided  by  62^  =  92,  will  be 
the  number  of  actual  horse-power  exerted  by  this  engine  under 
the  ciroumstanoes  supposed. 

Practically,  however,  locomotives  of  this  class  are  capable 
of  exerting  much  more  than  92  actual  horse-power;  for  all 
modem  locomotives  work,  to  a  certain  extent,  expansively, 
irhereby  a  given  bulk  of  water  raised  into  steam  is  enabled  to 
exert  more  power,  and  farther,  the  consumption  of  coal  per 
mile  may  be  increased  beyond  25  lbs.,  with  a  corresponding  in- 
orease  of  the  power  generated.  In  all  boilers,  indeed,  whether 
Isnd,  marine,  or  locomotive,  the  evaporative  power  will  be 
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greatly  increased  by  every  expedient  which  increases  the  velooitf 
of  the  draft,  and  if  arrangements  be  simnltaneonsly  made  for  in- 
creasing the  temperature  of  the  fbmace,  by  contracting  the 
escaping  orifice  over  the  bridge  or  through  the  flues,  the  expen- 
diture of  fhel  to  accomplish  any  given  evaporation  will  not  be 
increased.  In  this  way  marine  boilers  have  been  constructed 
with  only  12  square  feet  of  heating  surface  per  nominal  horse 
power,  and  in  which  the  consumption  was  only  2  J  lbs.  of  coal 
per  actual  horse  power,  as  will  be  seen  by  a  reference  to  page  62 
of  the  Introduction  to  my  'Oatechism  of  the  Steam  Engine.' 


CHAPTER  VL 

POWER  AND  PEBFORliANCE  OF  ENGINES. 

The  maimer  of  determining  the  nominal  power  of  an  engine 
UI8  been  already  explained,  and  it  now  remains  to  show  in  what 
oaimer  its  actual  or  indicator  horse-power  may  be  determined. 

Construction  of  the  Indicator, — The  conmion  form  of  indioa- 
<or  applicable  to  engines  moving  at  low  rates  of  speed  I  have  al- 
^7  described  in  my  ^  Oatechism  of  the  Steam-Engine.'  But 
nthe  case  of  engines  moving  at  high  rates  of  speed,  and,  in  fEUst, 
n  the  case  of  all  engines  to  which  the  steam  is  quickly  admitted, 
ilie  diagrams  formed  by  this  species  of  indicator  are  much  dis- 
»rted,  and  the  accuracy  of  the  result  impaired,  by  the  momen- 
iinn  of  the  piston  of  the  indicator  itself,  which  is  shot  up  sud- 
denly by  the  steam  to  a  point  considerably  higher  than  what 
iDswers  to  the  actual  pressure.  The  recoil  of  the  spring  again 
ends  the  piston  below  the  point  which  properly  represents  the 
i^essure ;  and  in  interpreting  the  diagram  the  true  curve  is  sup- 
oaed  to  run  midway  between  the  crests  and  hollows  of  the 
saving  line  produced  by  these  oscillations.  Latterly  an  im- 
^oved  form  of  indicator,  called  Kichards'  indicator,  has  been 
itroduced,  which  is  represented  in  fig.  5,  of  which  the  main  pe- 
oliarity  is  that  its  piston  is  very  light  and  has  a  very  small 
mount  of  motion,  so  that  its  momentum  is  not  sufficiently  great 
0  disturb  the  natural  line  of  the  diagram.  The  motion  of  the 
iston  of  the  indicator  is  multiplied  sufficiently  to  give  a  diagram 
>f  the  usual  height  by  means  of  a  small  lever  jointed  to  the  top 
5f  the  piston  rod.    To  the  end  of  this  lever  a  small  link,  carry- 
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ing  the  pencil,  is  attached,  and  from  the  lower  end  of  this  small 
link  a  small  steel  radios  bar  proceeds  to  a  fixed  centre  on  a  snii- 
sble  part  of  the  instrmnent,  so  as  to  form  a  parallel  motion 
whereby  the  pencil  is  constrained  to  move  np  or  down  in  a  ver- 
tical direction.  The  paper  is  placed  upon  the  dram,  shown  in 
the  figure  with  a  graduated  scale,  and  the  string  causing  this 
dram  to  torn  round  and  back  again  on  its  axis  is  put  into  con- 
neotioa  with  some  part  partaking  of  the  motion  of  the  piston  in 
the  aflOfll  manner.  To  withdraw  the  pencil  from  the  paper,  the 
Hfhole  parallel  motion  and  the  arms  carrying  it  are  turned  round 
npfm  tiie  cylinder,  and  the  pencil  is  thus  made  readily  accessible. 
The  action  of  this  indicator  is  precisely  the  same  as  that  of  the 
oomiiioii  indicator,  which,  having  been  described  in  my  ^  Gate- 
ehiam  of  the  Steam-Engine,'  need  not  be  farther  noticed  here. 
Bat  in  this  indicator,  as  the  spring  is  very  stiff,  and  the  travel  of 
the  piston  correspondingly  smolL  there  are  no  inconvenient  os- 
cillations of  the  pencil  sudh  as  occur  when  a  long  and  slender 
Bpmg  is  employed. 

Method  of  allying  the  IndietUor, — ^The  drum  being  put  into 
commonicatioii  with  some  part  of  the  engine  possessing  the  same 
motion  as  the  piston,  but  sufficiently  reduced  in  amount  to  be 
)le  for  the  small  size  of  the  instrument,  the  drum  will  begin 
be  tamed  round  when  the  piston  begins  its  forward  stroke ; 
tilie  string  having  drawn  it  round  in  opposition  to  the  ten- 
of  the  spring  coiled  at  the  bottom  of  it,  it  will  follow  that 
BQ  t2ie  string  is  relaxed,  as  it  will  be  on  the  return  stroke  of 
piston,  the  drum  will  turn  back  again  to  its  original  position, 
its  motion  and  that  of  the  string  will  be  an  exact  miniature 
'12ie  motion  of  the  piston.  The  pencil,  if  now  suffered  to  press 
the  paper,  will  describe  a  straight  Hue.  But  if  the  cock 
^Miioh  ooamects  the  cylinder  of  the  indicator  with  the  cylinder 
IpFtiMf  engine  be  now  opened,  the  pencil  will  no  longer  trace  a 
freight  line,  bat  being  pressed  upward  daring  the  forward 
stroke  by  the  steam,  and  being  sucked  downward  by  the  vacuum 
during  the  return  stroke,  if  the  engine  is  a  condensing  one,  or 
being  pressed  downward  by  the  spring  when  the  pressure  of  the 
steam  is  withdrawn,  as  it  wiQ  be  during  the  return  stroke,  it  is 
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qnite  oldar  that  the  pencil  must  now  desoribe  &  figure  oootaining 
a  apooe  or  area,  and  tiie  figure  ia  what  is  called  tbe  indioator  dl- 
agram,  and  the  amount  of  the  space  ia  the  metuore  of  the  amoQDt 
of  the  power  exerted  at  each  stroke  b^  the  engine.  Xhiii  vill  bt 
more  olearlj  nnderatood  bj  &  reference  to  fig.  S,  which  is  anin- 
dioator  diagram  taken  from  a  steam  fire-eng^e  oonatrnctedl? 
Messrs  Shand,  Uason  and  Oo.,  witli  two  high-presEore  enj^ 
of  6}  inch  cylinders  and  7  inches  stroke,  with  a  preasoreODtU 
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boiler  of  145  Iba.  per  square  inch,  and  making  1G6  revolations 
per  minute.  The  total  weight  of  tMs  en^e  is  24  cwt.  2  qi^ 
and  by  a  reference  to  the  diagram  it  will  he  seen  that  the  meu 
pressure  nrging  the  piston  is  117"5  lbs.  per  sqnare  inch,  wliioli 
mean  pressure  is  ascertdned  by  adding  together  the  preasnie  at 
each  division  or  ordinate,  and  dividing  hj  the  nnmher.of  or^ 
nates,  which  iu  this  case  is  10.  The  mean  pressure  mnltipM 
hj  the  areas  of  (he  cylinders  and  hy  tbe  speed  of  the  piston  ia 
feet  per  minute,  and  divided  bj  83000  lbs.,  ^ves  IS-S  horseeu 
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the  power  actnaDjr  exerted  by  this  engine.    The  weight  of  the 
engine  is  consequently  only  1'3  owt.  per  actual  horse-power. 

The  adyantage  of  taking  10  ordinates  instead  of  8  or  9  or  11 
iBf  that  the  division  by  10  is  accomplished  by  merely  shifting  the 
position  of  the  decimal  point;  while  10  ordinates  are  enough  to 
anable  the  area  to  be  measured  accurately  enough  for  all  practi- 
ytl  purposes.  Thus  the  total  amount  of  the  pressures  in  the  di- 
igram,  fig.  6,  taken  at  10  places,  is  11T5  lbs.,  and  the  tenth  of 
iihis,  or  117*5  lbs.  per  square  inch,  is  the  mean  pressure  on  the 
)iston  throughout  the  stroke.  It  is  dear  that  when  we  have 
^  the  mean  pressure  on  each  square  inch  of  the  piston,  we 
iiave  only  to  ascertain  the  number  of  square  inches  m  it,  and 
the  distance  through  which  it  moves  in  a  minute,  to  determine 
the  power,  and  the  indicator  enables  us  to  determine  the  mean 
pressure  on  the  piston  throughout  the  stroke  in  the  manner  just 
explained.  The  indicator  is  sometimes  applied  to  the  air-pump 
and  to  the  hot  well,  to  determine  the  varying  pressures  within 
them  at  different  parts  of  the  stroke;  and  it  is  virtually  the 
stethoscope  of  the  engine,  as  it  enables  us  to  tell  whether  all  its 
internal  motions  and  pulsations  are  properly  performed. 

Mode  of  reading  Indicator  Diagrams, — ^In  the  preceding  di- 
agram the  piston  moves  in  the  forward  stroke  in  the  direction 
shown  by  the  arrow,  and  backward  on  the  return  stroke  in  the  di- 
rection shown  by  the  arrow.  In  all  diagrams  the  top  indicates  the 
highest  pressure,  and  the  bottom  the  lowest  pressure.  But  it  is 
quite  indifferent  whether  the  diagram  is  a  right-hand  or  left- 
hand  diagram ;  and  where  two  diagrams  are  shown  on  the  same 
pieoe  of  paper,  as  is  often  done,  that  which  represents  the  per- 
formance of  one  end  of  the  cylinder  is  generally  right-hand,  and 
that  which  represents  the  performance  of  the  other  end  of  the 
3ylinder  is  generally  left-hand.  This  arrangement,  however,  is 
^uite  immaterial,  that  which  alone  determines  the  power  exert- 
ad  being  with  any  ^ven  scale  the  area  shut  within  the  diagram. 

In  fig;  6,  the  steam  beuig  supposed  to  be  let  in  upon  the  pis- 

xm  of  the  engine,  presses  the  piston  of  the  indicator  up  to  the 

[>oint  shown  at  the  'admission  comer,'  and  as  the  piston  moves 

forward  the  steam  continues  to  press  upon  it  with  undiminished 

15 
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pressure,  imtil  close  to  the  end  of  the  stroke,  at  the  ^  eduction 
comer,'  the  eduction  passage  is  opened ;  and  as  the  steam  cod- 
sequentlj  escapes  into  the  atmosphere  there  is  no  longer  the 
same  pressure  on  the  spring  of  the  indicator  as  before,  and  its 
piston  consequentlj  descends.  As,  however,  the  steam  cannot 
instantaneously  get  awaj,  the  pressure  does  not  descend  quite  so 
low  as  the  atmospheric  line.  The  eduction  passage,  it  appem 
bj  the  diagram,  begins  to  be  opened  when  about  nine-tentlifl  d 
the  forward  stroke  has  been  completed,  and  it  also  hoffna  to  lie 
shut  when  about  nine-tenths  of  the  return  stroke  has  been  com- 

Fig.  7. 


DIAGRAM  TAKEN  FROM  STEAMER  '  ISLAND  QUKBN/ 


pleted,  as  appears  by  a  reference  to  the  *  compression '  comer, 
which  shows  that  the  back  pressure  be^s  to  rise  before  the 
termination  of  the  stroke.  The  area  comprehended  between  the 
atmospheric  line  and  the  bottom  of  the  diagram  shows  ^ 
amount  of  back  pressure  resisting  the  piston,  which  in  this  dia- 
gram is  of  the  average  amount  of  5*1  lbs. ;  and  this  increased 
back  pressure  at  the  'compression  comer'  is  produced  by  the 
compression  of  the  steam  shut  within  the  cylinder,  which  ia  ac- 
complished by  the  piston  as  it  approaches  the  end  of  its  stroke. 
Various  examples  of  Indicator  Diagrams. — ^In  the  engine  of 
which  the  diagram  is  given  in  fig.  6,  the  steam  works  with  very 
little  expansion ;  but  in  fig.  7  we  have  a  diagram  taken  from  the 
steamer  '  Island  Queen,'  which  shows  a  large  amount  of  expan- 


nnCEBFEBTATIOK  OF  INDIOATOB  DIA6BAMS.  839 

t 

rion.    This  diagram  is  a  left-hand  diagram,  the  former  one, 
ahown  in  fig.  6,  being  a  right-hand  diagram,    a  is  the  admission 
oomer,  and  the  steam  is  onlj  admitted  nntU  the  piston  reaches 
12ie  positi<Hi  answering  to  that  of  a  vertical  line  drawn  throngh 
Of  and  which  is  about  one-eighth  of  the  stroke.    The  steam  be- 
ing ebnt  off  from  the  cylinder  at  a,  thereafter  expands  nntil  the 
end  of  the  stroke  is  nearly  reached,  when  the  eduction  passage 
is  opened,  and  the  pendl  then  subsides  to  the  point  b,  at  which 
point  the  piston  be^ns  to  return.    The  straight  line  drawn 
across  the  middle  of  the  diagram  is  the  atmospheric  line ;  and  it 
is  traced  by  the  pencil  before  the  cock  of  the  indicator  commu- 
nicating with  the  cylinder  is  opened.    The  distance  of  the  line 
B  0  below  the  atmospheric  line  shows  the  amount  of  vacuum  ob- 
tained in  the  cylinder,  and  the  height  of  A  a  above  the  atmos- 
pheric line  shows  the  pressure  of  the  steam  subsisting  in  the 
cylinder.    This  diagram,  which  is  a  very  good  one,  is  obtained 
with  the  aid  of  a  separate  expansion  valve.    The  pressure  of  the 
steam  was  22  lbs.  per  square  inch,  tbe  vacuum  14^  lbs.,  and  the 
Clumber  of  revolutions  per  minute  17. 

In  some  high-pressure  engines,  where  the  steam  is  allowed  to 

^sot^e  suddenly  through  large  ports,  and  a  large  and  straight 

pipe,  there  is  not  only  no  back  pressure  on  the  piston,  but  a 

partial  vacuum  is  created  within  the  cylinder  by  the  momen- 

tmn  of  the  escaping  steam.     In  ordinary  condensing  engines 

the  momentum  of  the  steam  escaping  into  the  condenser  might 

in  some  cases  be  made  to  force  the  feed- water  into  the  boiler,  in 

tiie  same  manner  as  is  done  by  a  GifPard^s  injector,  which  is  an 

instrument  that  forces  water  into  a  boiler  by  means  of  a  jet  of 

8team  escaping  from  the  same  boiler.    This  instrument  will  not 

act  if  the  temperature  of  the  feed- water  be  above  120°  Fahr.,  as 

in  sach  case  the  steam  will  not  be  condensed  with  the  required 

rapidity.    As  the  steam  is  water  in  a  state  of  great  subdivision, 

and  as  the  particles  of  this  water  are  moved  with  the  velocity 

of  the  issuing  steam,  which  is  very  great,  we  have  in  effect  a 

Very  small  jet  of  water  issuing  with  a  very  great  velocity,  and 

this  small  stream  would  consequently  balance  a  very  high  head 

of  water,  or,  what  comes  to  the  same  thing,  a  very  great  pres- 
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siire.  Freciselj  the  same  action  takes  place  when  tLe  d 
capes  to  the  ooadenser;  and  aodor  suitable  arrangemeDts  th 
boiler  might  bo  fed  by  aid  of  the  power  resident  in  the  ed\ictinj 
Steam,  and  indeed  the  fimctiuu  of  the  lur-pomp  might  also  bi 
performed  by  the  name  agency. 

In  fig.  6  we  have  an  example  of  the  diagrams  taken  from  thl 
top  and  the  bottom  of  the  cylinder  disposed  on  tlie  some  piect 
of  paper,  those  on  tlie  left-hand  side  being  taken  from  the  t(f 
of  the  cylinder,  and  thone  on  the  right-Land  tude  bdog  b 


from  the  bottom  of  the  cylinder.  There  are  three  diogrwii 
taken  from  each  end  with  different  degrees  of  expansion, 
the  admission  comer  of  the  three  dia^ams,  taken  from  the  Uf 
of  the  cylinder,  and  a  a  a  are  the  three  several  points  at  wliidi 
the  steam  ia  cut  off  in  these  throe  diagrams.  Thereafter  A 
eteani  continnea  to  expand,  and  the  pressure  gradaally  to  t£ 
untii  the  points  bhb  are  reached,  when  tlto  eduction  paasagti< 
opened  to  the  condenser,  and  the  pTessnre  then  foUa  saddenlyU 
the  point  b.    The  line  b  b'  represents  the  omoant  of  exbfttistlDn 
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attained  within  the  cylinder  measured  downward  from  the  at- 
mospherio  line  ic  l ;  and  eee  represent  the  throe  points  at  which 
compression  begins,  answering  to  the  three  degrees  of  expansion. 
The  letters  a',  a',  l\  b',  and  e'  represent  the  corresponding  points 
for  each  of  the  three  diagrams  taken  from  the  bottom  of  the  cyl- 
inder;  and  the  amount  of  correspondence  in  the  right-hand  and 
left-hand  diagrams  shows  the  amount  of  accuracy  with  which 
the  yalves  are  set  to  get  a  similar  action  at  each  end  of  the  cyl- 

Fig.  9. 


DIAGRAMS  TAKEN  TBOM  HOLTHBAD  PADDLB-STEAUEB  'ULSTBB*  WHEN 

UNDEB  WAT. 

inder.    The  diagrams  given  above  were  taken  from  the  Holy- 
Iiead  steam-packet '  Munster,*  the  engines  of  which  were  con- 
structed by  Messrs.  Boulton  and  Watt.    The  cylinders  are  oscil- 
lating, of  96  inches  diameter  and  7  feet  stroke.    The  pressure  of 
steam  was  26*16  lbs.  per  square  inch,  vacuum  25^  lbs.,  and  the 
number  of  strokes  per  minute  9 — the  vessel  having  been  at  moor- 
ings at  the  time.  It  will  be  seen  by  these  diagrams  that  the  amount 
of  lead  npon  the  eduction  side,  or  the  equivalent  distance  which 
the  piston  is  still  from  the  end  of  the  stroke  when  eduction  begins 
to  take  place,  corresponds  in  every  instance  with  the  amount  of 
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the  oompression,  sinco,  in  fact,  by  ttliifting  tlie  ecoeatrio  ri 
to  lot  the  steam  ont  of  the  eylinder  hefore  the  end  of  the  stroke 
the  valve  will  be  equally'  shifted  to  shot  the  edncting  oriiioe  bft! 
fore  tlio  end  of  the  stroke,  ani  thoa  to  keup  within  the  ojlinde^ 
any  vaponr  lef^  in  it  when  the  valve  has  been  ahat,  and  whid 
is  thcreiiiter  uompresscd  by  the  piston  until  thti  cud  of  the  stioia 
is  reached,  or  until  the  valve  opens  the  coramnnication  with  ^ 

Fig.  9  represents  a  diagram  token  irom  the  top,  and  another 

taken  from  the  bottom  of  one  of  the  eylinders  of  the  Holy!ie«i 

paddle-steamer  'Ulster,'  a  vessel  of  the  same  power  and  dimen- 

eious  a»  the  'Munster,'  and  the  engines  also  by  Messrs.  BoolUiii 

Fig,  10. 


and  Watt.  When  these  diagrams  were  taken  the  pressure  of  Bi« 
steam  in  the  boiler  was  26  Iba.  per  square  inch,  the  vaonnm  i> 
the  condenser  13  lbs.  per  aqnaro  inch,  and  the  engine  was 
ing  23  strokes  per  minute.  The  mean,  pressure  on  the  pisttHH 
obtained  by  taking  a  number  of  ordliiates,  as  in  jig.  6,  reckodq 
up  the  oollflctive  pressure  at  each,  and  dividing  by  die  numb* 
of  ordinates,  was  26-27  lbs.  It  is  immaterial  what  nnmber  a 
ordinates  is  taken,  except  that  the  more  there  are  taken  the  mon 
accurate  will  be  the  result. 

Id  fig.  10  we  have  diagrams  taken  from  tup  and  bottom  in  til 
same  engine,  when  slowed  to  4i  strokes  per  minute,  partly  t 
oloidng  the  throttle  valve,  and  partly  by  shifting  the  link  towsri 
its  mid-position.    In  these  diagrams  nearly  the  whole  art  — 
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idow  the  atmospheric  fineu  Bnt  on  the  left-hand  comer  of  one 
)f  the  figores  a  loop  is  formed,  which  often  appears  in  engmes 
imploying  the  link,  and  the  meaning  of  which  it  is  necessary  to 
sxplain.  The  extreme  point  of  the  diagram  in  every  instance 
mswers  to  the  length  of  the  stroke;  and  if  the  steam  is  pent  np 
n  the  cylinder  by  the  ednction  passage  being  shnt  before  the 
aid  of  the  stroke,  or  if  it  be  suffered  to  enter  from  the  boiler  be- 
bre  the  stroke  is  ended,  the  pencil  will  be  pushed  up  to  its  high- 
est point  before  the  stroke  is  ended,  and  as  the  paper  stiU  con- 
annes  to  move  onward  the  upper  part  of  the  loop  is  formed.  If 
ihe  pressure  within  the  cylinder  when  the  piston  returns  were 
;o  be  precisely  the  same  as  when  the  piston  advances  during  this 
>art  of  its  course,  the  loop  would  be  narrowed  to  a  line.  But  as 
ihe  advance  of  the  piston  when  the  valve  is  very  little  opened 
K>mewhat  compresses  the  steam,  and  as  its  recession  when  the 
ralve  is  very  little  opened  somewhat  wire-draws  it,  the  pressures 
vhile  the  piston  advances  and  retires  through  this  small  distance, 
ilthough  the  cylinder  is  open  to  the  boiler  by  means  of  a  small 
>rifice,  will  not  be  precisely  the  same ;  and  the  higher  pressure 
^ill  form  the  upper  part  of  the  loop,  and  the  lower  pressure  the 
lower  part.  In  fig.  10,  by  following  the  outline  of  the  left-hand 
diagram,  it  will  be  seen  that  the  steam  begins  to  be  compressed 
within  the  cylinder  when  about  three-fourths  of  the  stroke  has 
been  completed;  and  the  pencil  consequently  be^s  to  rise 
somewhat  above  its  lowest  point.  But  as  the  vapour  within  the 
cylinder  is  very  rare,  the  rise  is  very  little  until,  when  the  piston 
is  about  one-eighth  part  of  its  motion,  or  about  8  inches  from 
fhe  end  of  the  stroke,  the  steam-valve  is  slightly  opened,  when 
the  piston  of  the  indicator  is  compelled  to  ascend  to  the  point 
answering  to  the  pressure  within  the  cylinder  thus  produced. 
As  the  opening  from  the  boiler  continues,  and  the  piston  by  ad- 
vancing against  the  steam,  instead  of  receding  from  it,  compress- 
es rather  than  expands  the  steam  admitted  into  the  cylinder,  the 
)ressure  continues  to  rise  somewhat  to  the  end  of  the  stroke ; 
vhen  the  piston  of  the  en^e,  having  to  move  in  the  opposite 
lirection,  the  steam  within  the  cylinder  will  be  expanded,  and 
nj  still  entering  will  be  wire-drawn  in  the  contracted  passage, 
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and  the  preaaore  will  ML  Under  such  ciroamBtaooes  a  loop  wl 
neoessarilj  be  formed  at  the  comer  of  the  diagram,  SDoh  u  1) 
shown  to  exist  at  tlie  left-hand  oomer  of  fig.  10.  The  re 
why  there  is  no  corresponding  loop  at  the  right-hand  eomm  of 
the  rt^t-hand  diagram  is  Bimpl;'  beoanse  the  valve  is  someirtiit 
differently  set  at  one  end  of  the  engine  from  what  it  In  »i  tbt 
other ;  and  the  angles  of  the  ecoentrio  rods  will  generaHf  et 

Kg.  11. 


some  small  difference  in  the  action  of  the  valve  at  the  diffOT"* 
ends  of  the  en^e. 

DiagramtfTiym,  the  Air- Pump.— 'Fig,  11  Is  a  diagram  t«t» 
from  the  air-pump  of  the  '  tllBter,'  when  the  engine  waa  mabu? 
19  revolutions  per  minute.  In  this  diagram  the  pendlbe^^ 
ascend  from  that  point  which  marks  the  amoont  of  oiIiaM'''"' 
existing  in,  the  air-pump,  and  it  rises  very  slowly  until  rt'W' 
two-thirds  of  the  stroke  of  the  pump  has  been  performed,  v^ 
it  shoota  rapidly  upwards,  indicating  that  at  thia  point  the  vst" 
is  onooantered  which  has  to  be  expelled.    Midway  between  the 
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stmoiq>herio  Kne  and  the  highest  point  of  ascent,  the  delivery 
▼alve  begins  to  open,  and  somewhat  relieves  the  pressure ;  and 
there  is  oonseqnentlj  a  wave  in  the  diagram  on  that  point.  But 
the  inertia  of  the  water  in  the  hot-well  has  then  to  be  encoun- 
tered, and  an  amount  of  pressure  is  required  to  overcome  this 
inertia,  which  is  measured  bj  the  highest  point  to  which  the 
pendl  ascends.  So  soon  as  the  water  in  the  hot-well  and  waste- 
water pipe  has  been  put  into  motion,  the  motion  is  continued 
bj  its  own  momentum,  without  a  sustained  pressure  being  re- 
quired to  be  exerted  bj  the  bucket  of  the  pump ;  and  the  pres- 
sure in  the  pump  consequentij  falls,  as  is  shown  bj  the  descent 
of  the  piston  of  the  indicator  towards  the  end  of  the  stroke. 

Kg.  12. 
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DIAGBAH  TBOM  AIB-PUVP  OF  8TBAMEB  *  ULSTBB.' 
(7  STBOESS  PES  MUTUTX.) 

The  effect  of  partially  closing  the  throttle-valve  of  an  engme 
BO  as  to  diminish  the  speed,  will  be  to  reduce  the  momentum  of 
the  water  in  the  hot-well,  and  correspondingly  to  reduce  the 
maximum  pressure  which  the  pump  has  to  exert.  But  the  ef- 
fect will  also  be  to  fill  the  pump  with  water  through  a  larger 
proportion  of  its  stroke ;  and  if  the  engine  were  to  be  slowed 
very  much  by  shutting  off  the  steam,  without  correspondingly 
shutting  off  the  injection,  the  air-pump  at  its  reduced  speed 
would  be  unable  to  deliver  all  the  water,  which  would  conse- 
quentiy  overflow  into  the  cylinder  and  probably  break  down  the 
engine.  In  fig.  12  we  have  an  air-pump  diagram  taken  from  the 
steamer  'Ulster,'  when  the  speed  of  the  engine  was  reduced  to 

15» 
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six  strokes  per  minute ;  and  it  will  be  obsenred  that  we  have 
no  longer  the  same  amount  of  maximum  pressure  in  the  pump^ 
nor  the  same  sudden  fluctuations.  The  pump,  however,  is  filed 
for  a  greater  proportion  of  its  stroke ;  and  the  maximum  pres- 
sure onoe  created,  is  constant,  and  does  not  rise  much  above  the 
pressure  of  the  atmosphere,  being,  in  fact,  the  simple  pressure 
due  to  the  pressure  of  the  atmosphere,  and  that  of  the  cohunn 
of  water  intervening  between  the  level  of  the  air-pump  and  that 
of  the  waste-water  pipe. 

Diagram  iUustratwe  of  the  eviU  of  Small  Forts. — Fig.  18  is 
a  diagram  taken  from  a  pumping-engine  in  the  St.  Katherine's 
Docks,  and  is  introduced  mainly  to  show  the  detrimental  effect 

Fig.  18. 


DIAGRAM  TAKEN  FBOH  PUHPINO-ENGINE,  ST.  KATHERINB's  DOCKS. 

of  an  insufficient  area  of  the  eduction  passages.  The  steam  is 
supposed  to  enter  at  the  left-hand  comer,  but  as  the  speed  of  the 
piston  accelerates,  as  it  does  towards  the  middle  of  the  stroke, 
the  pressure  falls,  from  the  port  beiug  small  and  the  steam  wire- 
drawn. Towards  the  other  end  of  the  stroke  the  pressure  would 
again  rise,  but  that  it  is  hindered  from  doing  so  by  the  condensar 
tion  within  the  cylinder,  which  is  considerable,  as  the  engine 
works  at  the  low  speed  of  12  strokes  per  minute,  lifting  the  wa- 
ter 9i  feet.  The  eduction  comer  of  the  diagram  is  very  much 
rounded  away,  from  the  inadequate  size  of  the  ports ;  and  the 
eduction  will  also  be  impeded  by  any  condensed  water  within 
the  cylinder,  which,  unless  got  rid  of  by  other  arrangements,  wiB 
have  to  be  put  into  motion  by  the  escaping  steam.    The  meaa 
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easore  exerted  on  the  piston  of  this  engine  is  only  12*45  lbs* 
r  square  inch,  although  it  operates  without  expansion ;  and  it 
ij  be  taken  as  a  fair  example  of  eneligible  constmction. 
Diagrams  shotoing  the  momentum  of  the  Indicator  piston, — 
g.  14  is  a  pair  of  diagrams  taken  from  one  of  the  engines  of 
.  M.  S.  'Orontes.'  Tina  vessel,  which  is  800  feet  1  inch  long, 
r  feet  8^  inches  broad,  and  2,823  tons,  has  horizontal  direct 
ting  engines  of  500  horse-power,  constmcted  bj  Messrs  Boul- 

Fig.14. 


DIAGRAM  TAKBK  FROM  H.M.   TROOP-STEAHBR  'ORONTES.' 

1  and  Watt.  With  a  midship  section  of  644  sqnare  feet,  and  a 
placement  of  3,400  tons,  the  vessel  attained  a  speed  on  her  offi- 
i  trial,  of  12-622  knots,  with  a  pressure  of  steam  in  the  boiler 
25  lbs.  per  square  inch,  61  revolutions  per  minute,  the  engines 
erting  2,249  horse-power.  On  one  occasion  the  speed  obtained 
IS  13*3  knots.  With  an  area  of  immersed  section  of  781  square 
it,  and  a  displacement  of  4249  tons,  the  speed  attained  was 
'354  knots,  with  2,143  horse-power.    There  are  two  horizontal 
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engines  of  71  inches  diameter,  and  8  feet  stroke.  The  screw  is 
18  feet  diameter,  25  feet  pitch,  and  4  feet  long,  and  the  slip  of 
the  screw  was  found  to  vary  between  18  and  16  per  cent.  When 
the  diagrams  represented  in  fig.  14  were  taken,  the  pressure  of 
the  steam  in  the  boUer  was  21^  lbs.  of  the  vacnmn,  in  the  oon- 
denser  11}  lbs.,  and  the  engine  was  making  60  revolutions  per 
minute.  If  ordinates  be  taken  in  the  case  of  these  diagrams,  and 
the  mean  pressure  be  thus  determined,  it  wiUbe  found  to  amount 
to  25*22  lbs.  per  square  inch.  In  these  diagrams  the  waving  line 
formed  by  the  pencil,  owing  to  the  momentum  of  the  piston  of 
the  indicator,  is  very  plainly  shown ;  and  although  such  irregu- 
larities will  not  materially  impair  the  accuracy  of  the  result,  if  a 
sufficient  number  of  ordinates  be  taken  correctly  to  measure  the 
irregularity,  yet  it  is  greatly  preferable  to  employ  an  indicator 
which  will  be  as  free  as  possible  from  the  disturbing  influence  of 
the  momentum  of  its  own  moving  parts.  In  this  en^e,  as  in 
most  of  Messrs.  Boulton  and  Wattes  engines,  there  is  a  great 
similarity  in  the  diagrams  taken  from  each  end  of  the  cylinder 
— a  result  mainly  produced  by  giving  a  suitable  length  to  the 
eccentric  rods,  by  moving  up  or  down  the  linTra  vertically  by 
a  screw,  instead  of  by  a  lever  moving  in  the  arc  of  a  circle,  and 
placing  the  projecting  side  of  the  eccentric  suitably  with  the 
curvature  of  the  link,  since,  if  placed  in  one  position,  it  will  aggra- 
vate the  distortion  produced  by  the  angle  of  the  eccentric  rods, 
and  if  placed  in  the  opposite  position  it  will  correct  this  dis- 
tortion. 

Fig.  15  represents  a  series  of  diagrams  from  each  end  of  one 
of  the  engines  of  the '  Orontes,'  formed  by  allowing  the  pencil  to 
rest  on  the  paper  during  many  revolutions,  instead  of  only  dur- 
ing one.  These  diagrams  show  small  differences  between  one 
another,  mainly  in  the  mean  pressure  of  the  steam. 

Fig.  16  represents  two  diagrams  taken  from  the  engines  of 
the  iron-dad  screw  steamer  'Kesearch,  fitted  with  horizontal 
engines,  with  50-inch  cylinders,  and  2  feet  stroke.  With  a  pres- 
sure of  steam  in  the  boiler  of  22  lbs.,  and  with  a  vacuum  in  the 
condenser  of  12f  lbs.  per  square  inch,  the  mean  pressure  on  the 
piston  shown  by  the  diagrams  is  24*55  lbs.,  the  engine  making 
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8B  revolatlooa  per  mfaiDte.  This  engine  is  fitted  with  surface 
oondeiuen.  The  eerrftted  deviation  at  a  is  caused  b;  the  mo- 
mentom  of  the  piston  of  the  indicator. 

In  flg.  1?  ve  hare  two  diagrams,  taken  from  oppodte  ends 
of  one  of  the  enpneB  of  H.M.8.  '  Barosaa.'  This  vessel  is  825 
feet  long,  40  feet  8  inches  broad,  and  1,703  tons  burden.  With 
ftmean  draught  of  water  16i  feet  or  thereabout,  the  area  of  mid- 
ihip  seotjon  is  466  sqoare  feet,  and  the  displacement  1,780  tons. 
The  Teasel  is  propelled  by  two  horizontal  eu^es,  with  cjlindera 


of  64  inches  diameter  and 
being  400  horses.  On  the 
^eed  of  11-92  knots,  with  a 
20  lbs.  per  square  inch,  and 
borsee,  the  engine  making 
•OTew  ia  16  feet  diameter,  24 
slip  at  the  tjme  of  trial  was  2: 
■bovn  in  fig.  17  were  taken, 
WM  19  lbs.  per  aqnare  inch ; 
sqnflre  inoh,  the  revolations 


8  feet  stroke,  the  nonunal  power 
official  trial  this  vessel  realised  a 
pressure  of  steam  in  the  boiler  of 
with  an  indicated  power  of  1798-2 

66  revolntionB  per  roinTite,  The 
feet  pitch,  and  3  feet  long,  and  the 
8-71  per  cent.  When  the  diagrams 
the  pressure  of  steam  in  the  boiler 

vocanm  in  condenser  ]2i  lbs.  per 
66  per  minute,  and  the  mean  pres- 
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sore  on  the  piston  22*8  lbs.  per  sqiiaie  inch.  The  ares  of  s«^ 
der  of  64  inches  diameter  is  8216*2  sqnare  inches,  the  doable  of 
which  (as  there  are  two  cylinders)  is  6483*8  sqnare  incheti^  and 
as  there  22*8  lbs.  on  each  sqnare  inch,  there  wiH  be  a  total  pres- 
snre  of  6488-8  times  22*8,  or  148,478*74  lbs.  urging  the  piston 
and  as  the  length  of  the  double  stroke  is  6  feet,  the  power  ex- 
erted will  be  equal  to  6  times  148,478*74  lbs.,  or  860,840*4^ 

i1g.l6. 


INDICATOB  DIAG&AHS  FBOH  IBON-CLAD  STEAMEB  '  BBSEABCH.' 

foot-pounds  per  stroke,  and  as  there  are  66  strokes  per  minutej 
there  will  be  66  times  this,  or  66,797,869*04  foot-pounds  exerted 
per  minute.  As  an  actual  horse-power  is  83,000  foot-pwrn^B 
per  minute,  we  shall,  by  dividing  56,797,869*04  by  83,000,  get 
the  actual  power  exerted  by  this  engine  at  the  time  the  above 
diagrams  were  taken,  and  which,  by  performing  the  diTifli(Hi,^e 
shall  fiud  to  be  1721*1  horses. 

Various  Diagrams, — ^Fig.  18  is  a  diagram  taken  from  the 
air-pump  of  the  '  Barossa,'  which  is  a  double-acting  pump.   The 
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iigeotion  was  all  on  at  the  time  this  diagram  was  taken,  and  the 
▼acanm  was  onlj  11  lbs.  per  square  inch.  In  mj  '  Catechism 
of  the  Steam-Engine,'  published  in  1856, 1  drew  attention  to  the 
£Mt  of  the  existence  of  yery  imperfect  vacnoms  in  engines  with 


Fig.  ir. 
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DIAQRAM 8  TAKXN  FROM  H.  M .  8TEAMEB  *  BAB08SA.' 

donble-acting  air-pumps,  the  buckets  of  which  move  at  a  high 
rate  of  speed ;  and  I  also  pointed  out  the  cause  of  this  imperfect 
yacanm,  which  I  showed  to  be  consequent  on  the  lodgment  of 


Fig.  18. 


tkrIO 


-5 


AIR-PUMP  DIAGBAM  FROM  H.  H.  8TBAUBR  '  BAROSSA.' 

large' quantities  of  water  between  the  foot  and  delivery-valves 
at  the  end  of  the  pump,  into  which  water  the  pump  forced  in 
the  air  or  drew  it  out  without  ejecting  it  from  the  pump  at  all.  I 
consequently  recommend  that  in  all  pumps  of  this  class  the  bucket 
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and  yalve-ohambers  should  be  so  contrived  that  every  particle 
of  water  would  be  forced  out  of  the  pump  at  every  stroke.  But 
up  to  the  present  time  I  do  not  find  that  this  recommendBtion 
has  been  generally  adopted,  and  in  nearly  every  species  of  diree^* 
acting  screw-engine  operating  by  a  jet  in  the  condenser,  the 
vacuum  is  much  worse  than  it  was  in  the  old  class  of  paddle* 
engines,  or  even  in  the  land  engines  made  by  Watt  nearly  a  cen- 
tury ago. 

In  fig.  19  we  have  an  example  of  diagrams  taken  from  the  top 
and  bottom  of  one  of  the  paddle-engines  of*  the  steamer  '  Great 
Eastern,'  constructed  by  Messrs.  J.  Scott  Bussell  and  Co.  These 
en^es  are  oscillating  engines  of  74  inches  diameter  of  cylinder, 
and  14  feet  stroke,  making  10  revolutions  per  minute,  and  there  are 

Fig.  19. 


DIAGRAMS  FBOM   PADDLB-ENGINBS  OF   'GREAT  EASTERN.' 

four  cylinders,  or  two  to  each  wheel.  The  mean  pressure  on  the 
piston  which  these  diagrams  exhibit  is  22*2  lbs.  per  square  inch, 
from  which,  with  the  other  particulars,  it  is  easy  to  compute  the 
power. 

In  fig.  20  we  have  two  different  pMrs  of  diagrams.  The 
larger  pair  is  taken  from  one  of  the  engines  of  the  paddle* 
steamer  '  Ulster,'  and  the  smaller  pair — ^represented  in  dotted 
lioes — ^is  taken  from  the  engines  of  the  paddle-steamer '  Victoria 
and  Albert.'  In  the  case  of  the  *  Ulster '  the  pressure  of  steam 
in  the  boiler  when  the  diagram  was  taken  was  26  lbs.  per  sqnare 
inch,  and  the  vacuum  in  the  condenser  13  lbs.  per  square  inch. 
The  number  of  strokes  per  minute  was  28,  the  mean  pressure  on 
the  piston  28*77  lbs.  per  square  inch,  and  indicated  horse-power 
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4^100.  The '  Yictoria  and  Albert '  has  two  oscillating  en^es,  with 
88-inch  cylinders  and  7-feet  stroke.  The  pressnre  of  the  steam 
in  the  boilers  when  the  diagrams  were  taken  Was  26  lbs.  per 
square  inch ;  of  the  vacnnm  12|  lbs.  per  square  inch ;  the  mean 
pressure  on  the  piston  22*87  lbs.  per  square  inch,  and  the  num- 
ber of  strokes  per  minute  25*4.  The  area  of  an  88-inch  cylinder 
is  6082*1  square  inches,  and  the  area  of  two  such  cylinders  is  the 

Fig.  20. 


OOMPABATITB  DIAOBAMS  rBOX  *  ULSTER '  AND  '  YICTOBIA  AND  ALBBBT.' 


double  of  this,  or  12,164*2  square  inches,  and  as  there  are  22*87 
lbs,  on  each  square  inch,  the  total  pressure  urging  both  pistons 
will  be  12,164*2  times  22*87  or  278,195  lbs.  Now,  as  the 
length  of  the  stroke  is  7  feet,  and  as  the  piston  traverses  it  each 
way  in  each  revolution,  the  piston  will  travel  14  feet  for  each 
reyolntion,  and  278,195  multiplied  by  14  will  give  3,894,730  as 
the  number  of  foot-pounds  exerted  in  each  stroke ;  or,  as  there 
are  25*4  strokes  each  minute,  there  will  be  25*4  times  8,894,- 
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780,  or  98,92^142  fbot-poimds  exerted  each  minute.  IMyiding 
this  hj  83,000,  we  get  the  power  exerted  by  this  engme  as 
eqaal  to  2997*>aotiuil  horse-power. 

In  the  diagrams  of  the  ^  Yiotoria  and  Albert,'  it  will  be  re- 
marked there  is  a^eater  disparity  in  the  period  of  the  admission 
of  the  steam  than  in  the  case  of  the  diagrams  of  the  '  Ulsttf,' 
arising  from  the  valves  not  being  so  accurately  set. 

Diagram  showing  wrong  setting  of  Valves. — ^In  ^g,  21  are 
given  two  diagrams,  taken  from  an  en^e  makiog  200  strokes 
per  minnte,  applied  to  work  the  exhansting  apparatus  employed 
by  the  Pnenmatic  Despatch  Company  to  shoot  letters  and  par- 
cels tlirongh  a  tnbe.  These  diagrams  show  that  the  valre  is 
wrongly  set,  and  that  at  one  end  of  the  cylinder  the  steam  is  ad- 
Fig.  21. 


DIAGRAMS  FEOM  BN6INB  Or  PNEUMATIC  DISPATCH  COMPAKT. 

mitted  too  soon,  and  at  the  other  end  too  late.  By  following  tbe 
right-hand  diagram  it  will  be  seen  that  the  eduction  passage  is 
closed  when  about  half  the  stroke  has  been  performed,  and  that 
the  steam  is  admitted  in  front  of  the  piston  when  about  one- 
fourth  of  the  stroke  has  still  to  be  performed,  whereas  the  left- 
hand  diagram  shows  that  a  considerable  part  of  the  stroke  has 
been  performed  before  that  end  of  the  cylinder  begins  to  gefc 
steam.  The  action  in  this  case  would  be  amended  by  shiftiog 
round  the  eccentric.  The  mean  pressure  on  the  piston  sho^ 
by  these  diagrams  is  only  10*79  lbs.  per  square  inch. 

Diagram  showing  the  necessity  of  large  Ports  for  high  spee3$ 
of  Piston, — ^Fig,  22  represents  two  diagrams  taken  from  ih« 
same  engine  with  the  unequal  action  at  the  different  ends  of  the 
cylinder  corrected.    But  the  diagrams  show  that  the  en^ehas 
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ot  enongli  lead  in  the  yalves,  and,  moreover,  that  the  passages 
re  too  small  for  the  speed  with  which  the  engine  works.  It 
ronld  be  an  advantage  to  increase  either  the  width  or  the 
mount  of  travel  of  the  valve  of  this  engine,  or  both;  as  also  to 
^ve  more  lead,  so  that  the  steam  would  be  able  to  attain  and 
oaintain  its  proper  pressure  at  the  beginning  of  the  stroke,  and 
mtiOl  it  is  purposely  cut  off.  The  mean  pressure  of  steam  on  the 
piston  shown  by  the  diagrams  represented  in  ^g,  22  is  13*36  lbs. 
per  square  inch. 

Diagrams  illustratioe  of  the  auction  of  the  LinJc  Motion, — 
En  fig.  23  we  have  a  diagram  taken  from  a  horizontal  engine, 
irith  27-inch  cylinder  and  3-feet  stroke,  constructed  by  Messrs. 
Boulton  and  Watt,  employed  to  work  the  Portsmouth  Floating 

Fig.  22. 


DIAGBAMS  FROM  ENGINE  OF  nTKUMATIO  DESPATOH  COXPAKT. 

bridge.  The  steam  is  cut  off  by  the  link  so  as  to  make  the  ad- 
'Bission  almost  the  least  possible,  so  as  to  test  the  engine  itself 
before  the  chains  which  draw  the  bridge  backward  and  forward 
iid  been  applied.  With  the  steam  cut  off  thus  early  there  is 
Necessarily  a  very  large  amount  of  expansion,  and  also  a  very 
"aige  amoimt  of  cushioning ;  and  it  will  be  observed  that  the 
<eam  begins  to  be  compressed  at  not  much  less  than  half-stroke. 
With  this  amount  of  expansion  the  link  is  2i  inches  from  the 
entre.  The  pressure  of  steam  in  the  boiler  was  22  lbs.,  and 
lUit  of  the  vacuum  in  the  condenser  11  lbs.  per  square  inch, 
hen  this  diagram  was  taken ;  and  the  engines  ran  without  the 
lams  at  40  revolutions  per  minnte. 
Fig.  24  is  another  diagram  taken  from  the  same  engine  with 
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the  link  in  the  same  place.  Pressore  of  steam  in  boiler,  21  lbs. 
per  square  inch ;  pressure  of  yaonum  in  condenser,  llj^  lbs.  per 
square  inch;  number  of  revolutions  per  minute,  85.  In  this 
diagram,  and  also  in  the  last,  we  have  a  small  loop  formed  at 
the  top  of  the  diagram,  from  causes  already  explained. 

In  fig.  25  we  have  another  diagram  taken  from  the  same  en- 
gine, but  in  this  case  the  steam  is  not  shut  off  by  the  link  bat 
by  the  throttle-valve,  and  there  is  consequently  very  Me 
cushioning,  and  the  loop  at  the  top  of  the  diagram  almost  di0- 

Fig.  28. 


DIAGRAM  FROM  BNGINB  OF  PORTSMOUTH  FLOATING  BRIDGI. 
(ENGINB  TIIBOTTLBD  BT  LIKK.) 

appears.  When  the  diagram  was  taken  the  pressure  of  steJUfl 
in  the  boiler  was  22  lbs.,  and  of  the  vacuum  in  the  condenser 
Hi  lbs.  per  square  inch,  and  the  number  of  revolutions  p^^ 
minute  was  38. 

Figs.  26,  27,  and  28  are  diagrams  taken  by  Richards*  indi- 
cator from  Allen's  engine,  in  the  United  States  department  o* 
the  International  ExMbition  of  1862.  In  this  engine  the  diam- 
eter of  the  cylinder  was  8  inches ;  length  of  stroke,  24  inches; 
pressure  of  steam  in  boiler,  49  lbs.  per  square  inch;  revolntions 
per  minute,  150. 
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Diagrami  Uhutrative  of  action  of  Air-pump  and  HoUwoU, 
-Fig.  29  is  a  diagram  taken  from  the  air-pnmp  of  the  Duke  of 
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DIAGBAX  rBOX  KNGINB  Or  POBTSMOUTH  rLOATING  BBIOOB. 

(sNGnra  thbottlxd  bt  lzhk.) 

Sntherland's  yacht  *  Undine,'  a  vessel  fitted  with  two  inverted 
angular  engmes,  with  cylinders  24  inches  diameter  and  15  inches 

Fig.  25. 


DZAGBAH  FBOX  ENOINB  Or  POBTSXOUTH  FLOATINO  BBIDGB. 
(bit GIKS  THBOTTLBD  BT  THBOTTLB-YALTB.) 
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stroke.  When  this  diagram  was  taken  the  ordinary  amount  of 
injection  was  on,  and  the  engine  was  working  at  moorings  at 
72  strokes  per  minute.  There  was  also  an  air-vessel  on  the 
hot-well.  In  fig.  80  we  have  a  diagram  taken  from  the  air-pmnp 
of  the  same  engine,  with  an  extra  amount  of  ii\jection  put  on 

Fig.  26. 


DIAGRAM  FBOX  ALLBM^S  BNGIKB. 

The  pump  appears  to  be  quite  too  small  for  the  work  it  has  to 
do,  as  is  seen  bj  the  different  configuration  of  the  diagram  ft^ 
that  of  the  diagrams  represented  in  figs.  11  and  18,  whioh  are 
also  diagrams  taken  from  lur-pumps.  In  those  diagrams,  bow- 
ever,  the  stroke  of  the  bucket  is  more  than  half  performed,  be- 

Figs.  27  and  28. 


DIAGRAMS  FROM  ALLEN'S  ENGINE. 


fore  the  pressure  rises  above  the  atmospheric  line ;  whereas  m 
fig.  30,  the  pressure  rises  above  the  atmospheric  line  the  moment 
the  bucket  be^ns  to  ascend,  showing  that  at  that  time  the 
whole  of  the  pump  barrel  is  fiUe-i  with  water.  The  vacunin 
must  always  be  inferior  where  the  air-pump  is  gorged  witfl 
water. 


DIAGBAX8  TAKEN  FBOM  AIB-PUMPS. 
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TJnlike  the  previous  diagrams  taken  fh>m  air-pmiips,  we  see 
in  these  figures  the  pressure  or  resistance  has  to  be  encountered 
from  the  beginning,  or  nearly  the  beginning  of  the  stroke ;  and 
the  Tacuum  is  not  good,  and  the  pump  overloaded.    There  is  a 

Fig.  29. 


DLLGBAM  FBOM  AIB-PUXP  OF  DUKK  OF  SUTHIRLAKD'S  TACKT. 

(oBDDf  ABT  nrjsonoir.) 

worse  vacuum  with  the  increased  injection  than  with  the  ordi- 
nary ii^ection,  showing  that  it  is  not  the  too  great  heat  of  the 
condenser  which  makes  the  vacuum  bad,  but  a  deficient  capacity 
of  pump,  or  an  imperfect  emptying  of  it  every  stroke. 


Fig.  30. 
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DIAQBAH  FROM  A  IB-PUMP  OF  DUKB  OF  SUTHEELAND's  TACHT. 
(SXTSA  INJZOnON  PUT  ON.) 

In  fig.  81  we  have  a  diagram  illustrative  of  the  diminished 
load  upon  the  air-pump,  caused  by  putting  an  air-vessel  on  the 
hot-well.    A  is  the  atmospheric  line,  and  b  is  the  line  represent- 
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ing  the  ordioarj  pressure  existing  in  the  hot-well  when  the  «> 
vessel  is  in  operation.  B7  letting  ont  the  air  the  pressors  lisei 
to  0,  showing  that  the  pressure  on  the  pump  is  less  with  the  au^ 
vessel  than  without  it.  If  the  air-vessel  he  discarded,  an  io- 
oreased  velocity  must  he  given  to  the  water  passing  through  the 
waste- water  pipe  to  enable  the  bucket  to  ascend,  and  this  im- 
plies a  waste  of  power. 

Fig.  81. 


DLiOBAX  TBOX  HOT-WBLL  OF  DUKB  OF  SnTHBBLAND'g  TACHT. 

(axr-ymbbel  ok.) 

In  fig.  82  we  have  a  diagram  taken  fh>m  the  hot- well  of  thd 
Duke  of  Sutherland's  yacht  after  the  air-vessel  has  been  re- 
moved. In  this  diagram  the  pressure  begins  to  rise  pretl7 
quickly,  as  the  bucket  of  the  pump  ascends ;  and  the  mazimom 
pressure,  when  reached,  is  maintained  pretty  uniform  to  the  end 
of  the  stroke.  It  does  not  then,  however,  suddenly  fall,  1>^ 
only  gradually,  owing  to  the  momentum  of  the  water ;  and  the 


Fig.  82. 
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DIAGRAM  TAKEN  FROM  HOT-WELL  OF  DUKE  OF  SUTHERLAND'S  YACHT. 

(AIB-yX88BL  OFF.) 

pencil  does  not  again  come  -down  to  the  atmospheric  line  untB 
nearly  half  the  downward  stroke  of  the  pump  has  been  com- 
pleted. 

In  fig.  83  we  have  a  diagram  taken  from  the  hot-well  of  the 
steamer  *  Scud,'  a  vessel  fitted  with  two  single-trunk  engine^ 
that  is,  trunk  engines  with  the  trunks  projecting  only  at  one 
end,  and  not  at  both,  as  in  Messrs.  Penn's  arrangement    The 
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es  are  angaUur,  irorking  up  to  the  screw-shaft,  and  the 
Lera  aate  68  inches  diameter,  and  4^  feet  stroke.  The 
B  are  41  inches  diameter.  These  engines  made  42  strokes 
dinnte,  and  worked  np  to  8)^  times  the  nominal  power, 
iiagram  shows  an  increase  of  pressure  in  the  hot-well  at 

Eig.88. 


DIAGSAX  TAKEN  IHOX  HOT-WELL  OF  STEAMER  '  SCUD.' 

end  of  the  stroke  of  the  donble-acting  pnmp,  and  the 
ire  rans  up  slowly  at  each  end  of  the  stroke,  when  it 
J  falls,  forming  the  loop  shown  in  the  diagram. 
iagram  from  Fump  of  Water^uforJcs, — ^Fig,  34  is  a  diagram 
I  from  the  pnmp  of  a  pnmping-engine  at  the  Oork  Water- 
Fig.  34. 


DLAGBAM  TAKEN  FBOX  PUMP  07  CORK  WATER-WORKS. 

s.  This  engine,  in  common  with  most  pnmping-en^es  of 
m  construction,  is  a  rotative  engine — an  innoyation  first 
aally  introduced  by  Mr,  David  Thomson.  The  engines 
81  revolutions  per  minute,  and  work  with  steam  pf  40  lbs. 
e  square  inch.  When  the  plunger  is  ascending,  the  pump 
15 
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is  snoking;  and  irhen  the  piston  is  descending  it  is  forcing^  and 
the  diagram  shows  that  hoth  operations  are  aooompliahed  witb 
mnoh  regularity,  and  without  any  of  those  sadden  flaotnition 
which  always  occasion  a  loss  of  power. 

Having  now  shown  in  what  manner  the  indicator  may  be  ^ 
plied  to  ascertain  the  performance  of  ordinary  engines,  I  sbdl 
proceed  to  describe  the  manner  of  its  application  in  the  case  of 
donble-cyHnder  engines.  In  this  class  of  engines  the  stettn 
having  pressed  the  first  piston  to  the  end  of  its  stroke  in  liM 
manner  of  a  high-pressure  engine,  escapes,  not  into  the  atmos- 
phere, bnt  into  another  en^o  of  larger  dimensions,  where  it 
expands,  and  acts  as  low-pressore  steam  on  the  pistcm  of  As 
second  engine,  being  finally  condeinsed  in  the  nsaal  mfimiL 
The  pressure  nidging  the  first,  or  high-pressore  jnston,  iseeoM- 
qnently  the  difference  of  pressure  between  the  steam  in  liie 
boQer  and  that  in  the  second  cylinder;  and  the  pressure  vgiag 
the  second,  or  low-pressure  piston,  is  the  difference  of  pressore 
between  the  steam  on  the  eduction  side  of  the  high-pressure 
cylinder  and  that  of  the  vapour  in  the  condenser.  There  wilUe 
a  small  difference  between  the  pressures  in  the  communicating 
parts  of  the  high  and  low-pressure  engines,  just  as  there  ii  s 
small  difference  between  the  vacuum  in  the  cylinder  and  that 
in  the  condenser.  But  in  well-constructed  high-pressure  engines 
this  difference  will  not  sensibly  detract  from  the  power. 

Diagrams  from  Bouhle-cylinder  Engines. — ^In  proceeding  to 
determine  the  power  of  a  double-cylinder  engine,  we  first  de- 
termine by  a  diagram  and  a  computation,  such  as  I  have  already 
given  examples  of,  the  power  exerted  by  the  high-pressure  ea- 
gine ;  and  then,  in  like  manner,  we  determine  the  power  exerted 
by  the  low-pressure  engine.  The  total  power  is  obvioudy  the 
sum  of  the  two. 

An  example  of  the  diagrams  taken  from  the  high  and  low- 
pressUre  cylinders  of  a  double-cylinder  engine,  at  the  Lambed 
Water-works,  constructed  by  Mr.  David  Thomson,  and  erected 
under  his  direction,  will  next  be  given.  In  a  paper  read  by  Kir. 
Thomson  before  the  Institution  of  Mechanical  En^eers,  and  a 
copy  of  which  he  has  forwarded  to  me,  the  main  particulars  of 
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.ibeee  en^es  are  redted;  and  some  of  the  mostjmateriai  points 
■of  that  pfq>er  I  shall  here  recapitulate,  as  these  engines  consti- 
■tate  a  very  saperior  example  of  the  donble-cylinder  dass  of 
engine. 

These  engines  are  beam-engines,  haying  the  doable  cylinders 
atone  end  of  the  beam,  and  a  crank  and  connecting-rod  at  the 
-other  end.  Four  engines  of  150  horse-power  each  are  fixed  side 
by  aide  in  the  same  house,  arranged  in  two  pairs,  each  pair 
.wwking  on  to  one  shaft,  with  cranks  at  right-angles,  and  a  fly- 
vlieel  between  them.  The  strokes  of  the  crank  and  of  the  large 
^Mnder  are  equal;  while  the  small  cylinder,  which  receives  the 
jteam  direct  from  the  boiler,  has  a  shorter  stroke,  and  its  effec- 
tive  capacity  is  nearly  one-fourth  that  of  the  large  cylinder.  The 
fomps  are  connected  direct  to  the  beams  near  the  connecting- 
rod  end  by  means  of  two  side  rods,  between  which  the  crank 
works.  The  pumps  are  of  the  combined  plunger  and  bucket 
«ODfitniction,  and  are  thus  double-acting,  although  having  only 
tiro  yalves.  This  kind  of  pump,  which  is  now  in  general  use, 
was  first  introduced  by  Mr.  Thomson  at  the  Kichmond  and  the 
B^natol  Water- works  in  the  year  1848.  The  following  are  the 
prinoipal  dimensions  of  the  engines : — ^Diameter  of  large  cylin- 
der, 46  ins. ;  diameter  of  small  cylinder,  28  ins. ;  stroke  of  large 
oylinjder,  8  it. ;  stroke  of  small  cylinder,  5  ft.  6f  ins. ;  diameter 
of  pomp-bfurel  23f  ins. ;  diameter  of  pump-plunger,  16^  ins. ; 
stroke  of  pump,  6  ft.  llf  ins. ;  length  of  beam  between  extreme 
oentrea,  26  fL  6  ins. ;  height  of  beam-centre  from  fioor,  21  ft. 
4  ina.  The  valves  are  piston-valves,  connected  by  a  hollow  pipe, 
through  which  the  escaping  steam  passes,  and  are  so  constructed 
that  one  valve  effects  the  distribution  of  the  steam  in  each  pair 
of  cylinders. 

The  cylpder-ports  are  rectangular,  with  inclined  bars  across 
the  fiices  to  prevent  the  packing-rings  of  the  valve  from  catching 
against  the  edges  of  the  ports ;  and  the  bars  are  made  inclined 
instead  of  vertical,  in  order  to  avoid  any  tendency  to  grooving 
the  valve-packing.  The  openings  of  the  port  extend  two-thirds 
round  the  circxuuference  of  the  valve  in  the  ports  of  the  large 
cylinder ;  but  they  extend  only  half  round  in  the  ports  of  the 
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small  cylinder.    The  packing  of  the  valve  concdsts  of  the  four 
cast-iron  rings,  which  are  cat  at  one  side  exactly  as  in  an  ordi- 
nary piston,  the  joint  being  covered  by  a  plate  inside.    A  con- 
siderably stronger  pressure  of  the  rings  against  the  valve-chest 
is  required  than  was  at  first  expected,  because  the  openings  oi 
the  steamports  extend  so  far  round  the  valve ;  and  for  tibis  pinv 
pose  springs  are  placed  inside  the  packing-rings  to  assist  l^eir 
own  elasticity.   This  construction  of  valve  has  the  advantage  of 
admitting  of  great  simplicity  in  the  castings  of  the  cylinders; 
and  also  allows  of  the  whole  of  the  valve-work  being  executed 
in  the  lathe,  which  is  generally  the  cheapest  and  most  correct 
kind  of  work  in  an  engineering  workshop.    These  valves  are 
worked  by  cams. 

The  principal  object  aimed  at  in  the  oonstmction  of  ibis 
piston-valve  was  a  reduction  to  a  minimum  of  the  loss  of  pres- 
sure which  the  steam  undergoes  in  passing  from  the  small  cyl- 
inder to  the  large  one.  This  is  here  accomplished  by  making 
the  passage  of  moderate  dimensions  and  as  direct  as  posrible; 
and  also  by  preventing  any  communication  of  this  passage  wit^ 
the  condenser,  so  that  when  the  steam  from  the  small  cylinder 
enters  the  passage,  the  latter  is  already  filled  with  steam  of  the 
density  that  existed  in  the  large  cylinder  at  the  termination  of 
the  previous  stroke.  In  constructing  the  engines  some  donbt 
was  entertained  as  to  the  best  size  of  passage,  in  order  <m  the 
one  hand  to  avoid  throttling  the  steam,  and  on  the  other  to  ob- 
viate as  much  as  possible  the  loss  of  steam  in  filling  the  passage. 
The  size  adopted  was  a  pipe  6  inches  in  diameter,  or  l-60th  <^ 
the  area  of  the  large  cylinder,  for  a  speed  of  piston  of  230  feet 
per  minute  in  the  large  cylinder :  and  this  is  believed  to  be 
about  the  best  proportion,  the  entire  cubic  content  of  the  whole 
passage  in  the  valve  amounting  to  3,944  cubic  inches^  The  indi- 
cator diagrams  show  that  with  this  construction  of  valve  there 
is  very  little  or  no  throttling  of  the  steam,  and  also  that  there  is 
but  a  very  moderate  drop  in  the  pressure  as  the  steam  passes 
from  the  small  cylinder  into  the  large  one.  In  this  respect  the 
valve  completely  answered  the  expectations  entertained  of  it, 
and  left  little  farther  to  be  desired  on  this  point. 
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In  figs.  86  and  86  we  have  diagramB  taken  simnltoneonaly 
from  the  top  of  tiie  small  cylinder  and  the  bottom  of  the  large 
one,  in  the  donlile-oylinder  enpnea  of  the  Lambeth  Water- 
works, designed  by  Mr.  Thomson — the  high-pressure  diagram 
b^ng  placed  above,  and  the  low-preMnre  diagram  below,  with  a 
■mall  ipaoe  between  the  two  answering  to  the  loss  of  pressore  in 
Qm  oommonicating  pipe.  The  dotted  lino  shows  the  exhanst- 
Hna  in  the  small  cylinder  reversed,  so  as  to  tell  by  direct  moasure- 

Figa.  tS  and  SS. 


iDent  between  this  bottom  and  the  top  of  the  diagram  what  is 
the  preasore  of  tbe  steam  on  the  small  piston  at  every  part  of 
its  stroke. 

The  most  material  of  the  resolts  which  may  be  dednoed  from 
Hie  indicator  diagrams  of  this  eng^e  arc  as  follows : — Percent- 
age of  stroke  at  which  steam  is  cnt  off  in  small  cylinder,  40  per 
cent.;  tot^  expansion  at  end  of  stroke  in  small  cylinder,  in 
terms  of  bulk  before  ezpan^don,  2*41  per  cent. ;  amount  of  ex- 
panrion  on  passing  from  small  to  large  cylinder,  in  terms  of  bulk 
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before  escaping  from  small  cylind^,  1*18  per  cent ;  total  expan- 
sion at  end  of  stroke  in  large  cylinder,  in  terms  of  ori^nal  bulk, 
9'66  per  cent. ;  total  amount  of  efficient  expansion,  in  terms  of 
original  bulk,  8*19  per  cent. ;  total  pressure  of  steam  per  sguAre 
incb  at  point  of  cutting  off,  41  lbs. ;  theoretical  total  .presnire 
at  end  of  stroke  of  small  piston,  17*0  lbs. ;  actual  total  presERire 
shown  bj  diagram,  18*0  lbs. ;  excess  of  actual  over  theoretical 
in  percentage  of  actual  pressure,  6  per  cent. ;  theoretical 'Ion  of 
pressure  in  passage  from  small  to  large  cylinder,  2*6  lbs. ;  actual 
loss  shown  by  diagram,  4*5  lbs. ;  theoretical  total  pressure  at 
end  of  stroke  of  large  piston,  4*2  lbs. ;  actual  total  pressure  shown 
by  diagram,  5*5  lbs. ;  excess  of  actual  over  theoretical  in  per- 
centage of  actual  pressure,  23  per  cent;   mean  pressure  on 
crank-pin  from  both  cylinders,  22,400  lbs. ;  maximum  ditto,  36,- 
058  lbs. ;  ratio  of  maximum  to  mean,  1*61  to  1*00 ;  ratio  of  max- 
imum to  mean  pressure  on  crank-pin  in  a  single  cylinder  engine 
with  the  same  total  amount  of  efficient  expansion,  the  clearances 
and  ports  bearing  the  same  proportion  to  the  working  capacitj 
of  the  cylinder,  namely,  l-40th  part  (this  ratio  is  calcidated  from 
the  ordinary  logarithmic  expansion  curve),  2*75  to  1*00;  effi- 
ciency of  steam  contained  in  large  cylinder  at  end  of  stroke,  as 
shown  by  diagram,  if  used  without  expansion,  taken  as  1*00; 
actual  efficiency  of  same  steam  as  employed  in  both  cylinders, 
as  shown  by  diagram,  2*90;  theoretical  efficiency  of  the  same 
steam  if  expanded  to  the  same  degree  as  the  total  amount  of 
efficient  expansion,  3*10.    The  en^es  are  fitted  with  steam- 
jackets,  and  these  indicator  diagrams  show  that  the  pressure  of 
the  steam  at  the  end  of  the  stroke,  instead  of  falling  short  of 
what  it  ought  to  be  by  the  theoretical  expanaon  curve,  exceeds 
that  amount  by  about  23  per  cent,  of  the  actual  final  pressure. 
It  might  be  supposed  that  the  increased  pressure  at  the  end  <rf 
the  stroke  was  due  to  the  heat  imparted  from  the  jackets  either 
superheating  the  steam  or  converting  the  watery  vapour  mixed 
with  it  into  true  steam ;  and  probably  the  latter  is  the  cause  of 
a  small  part  of  the  observed  effect ;  but  Mr.  Thomson  considers 
it  less  likely  that  sufficient  heat  could  be  oonmiimioated  from 
the  jackets  to  produce  an  increase  of  28  per  cent,  in  the  aetiiil 
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final  pressore,  espeoiallj  as  on  several  occasions  the  condensed 
water  from  the  jackets  has  been  collected  and  fonnd  not  to  ex* 
oeed  half-a-gallon  per  honr.  The  experiments  made  on  the 
qoimtities  of  water  passed  from  the  boilers  giye  nnifcMrmlj  the 
result,  that  a  considerably  larger  qnantitj  of  water  passes  from 
the  boilers  than  is  accounted  for  by  the  indicator  diagrams, 
faldng  the .  quantity  and  pressure  of  the  steam  just  before  it 
escapes  to  the  condenser  as  the  basis  of  calculation.  In  some 
kials  made  within  a  few  days  of  these  diagrams  being  taken,  the 
excess  of  water  thus  disappearing  from  the  boilers  was  about 
87  per  cent.  To  suppose  that  the  yalye  was  leaking  might  ac- 
oonnt  for  it;'"  but  besides  great  care  having  been  taken  to  avoid 
this  source  of  error,  it  can  hardly  be  supposed  that  the  valve 
was  always  leaking  more  than  the  pistons. 

To  ascertain  the  amount  of  friction  in  these  enguies  Mr. 
Thomson  made  many  experiments,  and  found  that,  when  the 
engines  were  new,  and  working  at  perhaps  little  more  than  half 
their  power,  the  loss  in  comparing  the  work  done  with  the  indi- 
cator diagrams  amounts  to  as  much  as  25  per  cent,  of  the  indi- 
oated  power;  but  in  these  cases  the  pistons  have  been  too  tight 
in.  the  cylinders,  and  when  this  error  has  been  corrected,  and  the 
en^es  worked  up  to  their  regular  work,  aH  the  losses  were 
brought  down  to  from  12  to  15  per  cent,  of  the  indicated  power. 
This  includes  the  friction  of  both  the  engines  and  the  pumps, 
the  working  of  the  air-pumps,  feed-pumps,  cold-water  pumps, 
and  pumps  for  charging  the  air-vessels  with  air. 

"With  regard  to  the  economy  of  fuel  attained  by  these  double- 
cylinder  engines,  it  maybe  stated  that  the  four pumping-engines 
at  the  Lambeth  Water- works  are  fixed  in  one  house,  and  are 
employed  in  pumping  through  a  main-pipe  80  inches  diameter 
and  about  nine  miles  in  length ;  and  when  all  the  engines  are 
working  together  at  thieir  ordinary  speed  of  14  revolutions  per 
minute,  the  lift  on  the  pumps,  as  measured  by  a  mercurial  gauge, 
18  equal  to  a  head  of  about  210  feet  of  water.  Under  these  cir- 
cumstances they  were  tested  by  Mr.  Field  soon  after  being  fin* 

*  Some  of  the  diisappearance  of  the  heat  i8  no  doubt  impatftble  to  its  tnm8f<n»- 
mstton  Into  power,  as  explained  under  the  head  oS  thermo-dynamics. 
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ished,  in  a  trial  of  24  hoars'  duration  withont  stopping.  The 
actual  work  done  by  the  pomps  dnring  this  trial  was  equal  to 
97,064,894  lbs.,  raised  one  foot  high  for  every  112  lbs.  of  coal 
consnmed ;  in  addition  to  which  this  oonsmnption  included  the 
Mction  of  the  engines  and  pumps,  and  the  power  required  to 
work  the  air-pumps,  feed  and  charging-pumps,  and  the  pumpe 
raismg  the  water  for  condensation^^r  The  coal  used  was  Wekh, 
of  good  average  quality. 

The  economy  in  consumption  of  fuel  during  this  trial,  and  in 
the  subsequent  regular  working  of  these  engines,  together  with 
the  satisfactory  performance  generally  of  the  engines  and  pump 
work,  induced  the  Chelsea  Water- works  Company,  and  also  the 
New  Eiver  Company,  each  to  erect  in  1864  a  set  of  four  similar 
engines,  which  were  made  almost  exactiy  the  same  as  the  Lam- 
beth Water-works  engines  already  described,  with  the  exception 
that  a  jacket  of  high-pressure  steam  was  in  these  subsequent  en- 
gines provided  under  the  bottoms  of  the  cylinders,  which  had 
not  been  done  with  the  previous  engines.  The  pumps  were 
also  different  in  size  to  suit  the  different  lifts. 

The  New  Eiver  engines  were  tested  soon  after  being  com- 
pleted, and  the  result  reported  was  113  million  lbs.  raised  one 
foot  high  by  112  lbs.  of  Welsh  coal.  But  this  duty  was  obtained 
from  a  trial  of  only  seven  or  eight  hours'  duration,  which  is  too 
short  to  obtain  very  trustworthy  results. 

The  set  of  engines  made  for  the  Chelsea  Water-works  was  the 
last  finished,  and  on  completion  the  engines  were  tested  by  Mr. 
Field  in  the  same  manner  as  the  Lambeth  engines,  by  a  trial  of 
24  hours'  continuous  pumping.  The  coal  used  was  Welsh,  as  he- 
fore,  and  the  duty  reported  was  103'9  million  lbs.  raised  one  foot 
high  by  112  lbs.  of  coal.  This,  as  in  the  previous  instance,  was 
the  duty  got  from  the  pumps  in  actual  work  done,  no  allowance 
being  made  for  the  friction  of  the  engines  and  pumps,  and  the 
power  required  to  work  the  air-pumps,  cold-water  pumps,  Ac 
At  the  time  of  these  engines  being  tested,  the  loss  by  firiction 
and  by  working  the  air-pumps,  &c.,  averaged  about  20  per  cent 
of  the  power,  as  given  by  the  indicator  diagrams ;  so  that  if  the 
duty  had  been  estimated  from  the  indicator  diagrams,  as  is  usoal 
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in  marine  engines,  it  would  have  been  103-9  x  -V^,  or  about  180 
minion  lbs.  raised  one  foot  by  112  lbs.  of  coal,  which  is  equiva- 
lent to  a  consumption  of  1*7  lb.  per  indicated  horse-power  per 
hour. 

In  figs.  87  and  88  we  have  diagrams  taken  from  a  small  en- 
gine called  Wenham^s  double-cylinder  engine,  working  with  a 
pressore  of  40  lbs.  per  square  inch  in  the  boiler,  and  exhibited  at 
the  Great  Exhibition  in  1862.    The  average  pressure  on  the 

Fig.  81. 

^\yi 
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BKQINB. 

(OTUNDSB  THBSX  DfOHXS  DIAMXTXB  AlTD  TWXLTX  XNOHXS  BTBOKS.) 

inston  of  the  high-pressure  engine,  which  is  8  inches  diameter 
and  12  inches  stroke,  is  26*6  lbs.  per  square  inch,  and  the  power 
it  exerts  is  8*16  horses.    The  average  pressure  exerted  on  the 
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piston  of  the  low-pressure  engine  is  8*5  lbs.  per  square  inch,  and 
the  power  it  exerts  is  2*87  horses.  The  steam  in  passing  from 
one  cylinder  to  the  other  is  heated  anew,  as  had  previously  been 
done  by  me  in  the  engines  of  the  steamer  *  Jumna,'  of  400  horse- 
power. The  total  power  developed  in  both  cylinders  of  Wen- 
ham's  engine  is  6*05  horses. 

Having  now  explained  how  to  interpret  a  diagram,  the  next 
jihing  is  to  explain  how  to  take  one,  and  here  I  cannot  do  better 
15* 
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than  recite  the  instmctions  for  this  operation  issued  with 
Biohards^  indicator  bj  the  makers,  Elliot  Brothers,  of  the  Strand. 

Tojiio  the  Paper. — Take  the  outer  cylinder  off  from  the  inBtrament) 
secore  the  lower  edge  of  the  paper,  near  the  comer,  by  one  spring,  then 
bend  the  paper  round  the  cylinder,  and  insert  the  other  comer  betireen 
the  springs.  The  paper  should  be  long  enough  to  let  each  end  project 
at  least  half-an4nch  between  the  springs.  Take  the  two  projecting  ends 
with  the  thumb  and  finger,  and  draw  the  paper  down,  taking  care  that 
it  lies  quite  smooth  and  tight,  and  that  the  comers  come  fairly  together, 
and  replace  the  cylinder.  The  spring  used  on  this  indicator  for  holding 
the  paper  will  be  found  preferable  to  the  hinged  clamp.  A  little  pnuv 
tice,  with  attention  to  the  above  directions,  will  enable  any  one  to  fix 
the  paper  very  readily. 

The  marhmg-povnt  should  be  fine  and  smooth,  so  as  to  draw  a  fine 
line,  but  not  cut  the  paper.  It  may  be  made  of  a  brass  wire ;  the  best 
material  is  gun-metal,  which  keeps  sharp  for  a  long  time,  and  the  line 

Fig.  89. 


made  by  it  is  very  durable.  Lines  drawn  by  German  silver  points  «re 
liable  to  fade.  A  large-sized  common  pin,  a  little  blunted,  answers  for 
a  marking-point  very  well  indeed ;  a  small  file  and  a  bit  of  emery  cloth 
used  occasionally  will  keep  the  point  in  order. 

To  connect  the  Cord. — The  indicator  having  been  attached,  and  ftc 
correct  motion  obtained  for  the  drum,  and  the  paper  fixed,  the  next 
thing  is  to  see  that  the  cord  is  of  the  proper  length  to  bring  the  diagram 
in  its  right  place  on  the  paper — ^that  is,  midway  between  the  springs 
which  hold  the  paper  on  the  drum.  In  order  to  connect  and  disconneet 
readily,  the  short  cord  on  the  indicator  is  furnished  with  a  hook,  and  it 
the  end  of  the  cord  coming  from  the  engine  a  running  loop  maybe  rot* 
in  a  thin  strip  of  metal,  in  the  manner  shown  in  the  preceding  cut,  by 
which  it  can  be  readily  adjusted  to  the  proper  length,  and  taken  up  firoB 
time  to  time,  as  it  may  become  stretched  by  use.  On  high-speed  en- 
gines,  it  is  as  well,  instead  of  using  this,  to  adjust  the  cord  and  take  np 
the  stretching,  as  it  takes  place,  by  tying  knots  in  the  cord.  If  theooid 
becomes  wet  and  shrinks,  the  knots  may  need  to  be  untied,  but  fiu^ 
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rarely  happens.  The  length  of  the  diagram  drawn  at  high  speeds  should 
not  exceed  fonr  and  a-half  inches,  to  allow  changes  in  the  length  of  the 
cord  to  take  place  to  some  extent,  without  causing  the  drum  to  revolve 
to  the  limit  of  its  motion  in  either  direction.  On  the  other  hand,  the 
diagram  should  never  be  drawn  shorter  than  is  necessarj  for  this 
purpose. 

To  take  the  Diagram. — ^Every  thing  being  in  readiness,  turn  the  han- 
dle of  the  stop-cock  to  a  vertical  position,  and  let  the  piston  of  the  in- 
dicator play  for  a  few  moments,  while  the  instrument  becomes  warmed. 
Then  turn  the  handle  horizontaUj  to  the  position  in  which  the  commu- 
nication is  opened  between  the  under  side  of  the  piston  and  the  atmos- 
phere, hook  on  the  cord,  and  draw  the  atmospheric  Une.  Then  turn 
the  handle  back  to  its  vertical  position,  and  take  the  diagram.  When 
the  handle  stands  vertical,  the  communication  with  the  cjUnder  is  wide 
open,  and  care  should  be  observed  that  it  does  stand  in  that  position 
whenever  a  diagram  is  taken,  so  that  this  communication  shaU  not  be 
in  the  least  obstructed. 

To  apply  the  pencil  to  the  paper,  take  the  end  of  the  longer  brass  arm 
with  the  thumb  and  forefinger  of  the  left  hand,  and  touch  the  point  as 
gently  as  possible,  holding  it  during  one  revolution  of  the  engine,  or 
during  several  revolutions,  if  desired.  There  is  no  spring  to  press  the 
point  to  the  paper,  except  for  oscillating  cylinders ;  the  operator,  after 
admitting  the  steam,  waits  as  long  as  he  pleases  before  taking  the  dia- 
gram, and  touches  the  pencil  to  the  paper  as  lightly  as  he  chooses.  Any 
one,  by  taking  a  little  pains,  wUl  become  enabled  to  perform  this  opera- 
tion with  much  delicacy.  As  the  hand  of  the  operator  cannot  follow  the 
motions  of  an  oscillating  cylinder,  it  is  necessary  that  the  point  be  held 
to  the  paper  by  a  light  spring,  and  instruments  to  be  used  on  engines 
dTihis  class  are  furnished  with  one  accordingly. 

Diagrams  should  not  be  taken  from  an  engine  until  some  time  after 
starting,  so  that  the  water  condensed  in  warming  the  cylinder,  &c., 
shall  have  passed  away.  Water  in  the  cylinder  in  excess  always  distorts 
the  diagram,  and  sometimes  into  very  singular  forms.  The  drip-cocks 
should  be  shut  when  diagrams  are  being  taken,  unless  the  boiler  is 
priming.  If  when  a  new  instrument  is  first  applied  the  line  should 
show  a  little  evidence  of  friction,  let  the  piston  continue  in  action  for  a 
short  time,  and  this  will  disappear. 

As  soon  as  the  diagram  is  taken,  unhook  the  cord ;  the  paper  cylin- 
der should  not  be  kept  in  motion  unnecessarily,  as  it  only  wears  out  the 
spring,  especially  at  high  velocities.  Then  remove  the  paper,  and 
minute  on  the  back  of  it  at  once  as  many  of  the  following  particulars  as 
yon  have  the  means  of  ascertaining,  viz. : 

The  date  of  taking  the  diagram,  and  scale  of  the  indicator. 
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The  engine  from  which  the  diagram  is  taken^  which  end,  and  whiek 
engine,  if  one  of  a  pair. 

The  length  of  the  stroke,  the  diameter  of  the  ojlinder,  and  the  num* 
her  of  double  strokes  per  minnte. 

The  size  of  the  ports,  the  kind  of  yalre  employed,  the  lap  and  lead 
of  the  ralve,  and  the  exhaust  lead. 

The  amount  which  the  waste-room,  in  clearance  and  thoroughftres, 
adds  to  the  length  of  the  cylinder. 

The  pressure  of  steam  in  the  boiler,  the  diameter  and  length  of  the 
pipe,  the  size  and  position  of  the  throttle  (if  any),  and  the  point  of  cut- 
off. 

On  a  locomotire,  the  diameter  of  the  driying-wheels,  and  the  size  of 
the  blast  orifice,  the  weight  of  the  train,  and  the  gradient,  or  curve. 

On  a  condensing-engine,  the  vacuum  bj  the  gauge,  the  kind  of  con- 
denser  employed,  the  quantity  of  water  used  for  one  stroke  of  the  en- 
gine,  its  temperature,  and  that  of  the  discharge,  the  size  of  the  alr-pmnp 
and  length  of  its  stroke,  whether  single  or  double  acting,  and,  if  driTen 
independently  of  the  engine,  the  number  of  its  strokes  per  minute,  and 
the  height  of  the  barometer. 

The  description  of  boiler  used,  the  temperature  of  the  feed-water,  the 
consumption  of  fuel  and  of  water  per  hour,  and  whether  the  boilers, 
pipes,  and  engine  are  protected  from  loss  of  heat  by  radiation,  and  if 
so,  to  what  extent. 

In  addition  to  these,  there  are  often  special  circumstances  which 
should  be  noted. 

Counter  and  Dynamometer, — ^There  are  other  instniments 
besides  the  indicator  for  telling  the  perfonnance  of  an  engine— 
the  counter  which  registers  the  number  of  strokes  made  by  an 
engine  being  used  for  this  purpose,  in  the  case  of  pumping- 
engines,  working  with  a  uniform  load,  and  the  dynamometer 
being  employed  in  testing  the  power  exerted  by  small  engines. 
The  dynamometer  consists  of  a  moving  disc  well  oiled,  and  en- 
circled by  a  stationary  hoop,  which  can  be  so  far  tightened  as  to 
create  sufficient  friction  to  constitute  the  proper  load  for  the  en- 
gine. The  hoop  is  prevented  from  revolving  with  the  disc  by  aa 
arm  extending  from  it,  which  is  connected  with  a  spring,  the 
tension  on  which,  reduced  to  the  diameter  of  the  disc,  represents 
the  load  which  the  friction  creates ;  and  the  load  multiplied  by 
the  space  passed  through  per  minute  by  any  point  on  the  cir- 
cumference of  the  disc  will  represent  the  power.    Such  dynt- 
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mometers,  however,  cannot  be  convenientlj  applied  to  large  en- 
gines ;  and  as  in  steam-vessels,  where  economy  of  fael  is  most 
important,  the  counter  will  not  aoooratelj  register  the  work 
done,  seeing  that  the  resistance  is  not  nniform,  and  as  without 
some  reliable  means  of  determining  the  power  produced  in  dif- 
ferent vessels  relatively  With  the  fuel  consumed,  it  is  impossible 
to  establish  such  a  comparison  of  efficiency  as  will  lead  to  emula- 
tion, and  consequent  improvement,  I  have  felt  it  necessary  to 
contrive  a  species  of  continuous  indicator,  or  power-meter,  for 

Fig.  40. 


bourne's  duty  METEB. 

ascertaining  and  recording  the  amount  of  work  done  by  any 
engine  during  a  given  period  of  time.  The  outline  of  one  form 
c^  this  instrument  is  exhibited  in  fig.  40 ;  but  I  prefer  that  the 
cylinder  should  be  horizontal  instead  of  vertical,  and  that  it 
should  be  larger  in  diameter,  and  shorter — this  figure  being 
copied  from  a  photograph  of  an  instrument  I  had  converted  from 
a  common  M^Naught^s  indicator,  for  the  sake  of  readiness  of 
oonshmotion.  In  this  instrument  one  end  of  the  indicator  cylin- 
der communicates  with  one  end  of  the  main  cylinder,  and  the 
other  end  of  the  indicator  cylinder  with  the  other  end  of  the 
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main  cylinder,  so  that  the  atmosphere  does  not  press  npon  the 
piston  of  the  indicator  at  a]l,  bnt  that  piston  is  pressed  on  either 
side  by  steam  or  vapour  of  precisely  the  same  tension  as  that 
which  presses  on  either  side  of  the  piston  of  the  engine.    The 
indicator  piston  is  pressed  alternately  upward  and  downward 
against  a  spring  in  the  usual  manner.    A  double-ended  lever  vi- 
brating on  a  central  pivot,  and  with  a  slot  carried  along  it  near* 
ly  from  end  to  end,  as  in  the  link  of  a  common  link-motion,  is 
attached  to  the  side  of  the  cylinder,  and  from  this  slot  a  horizon- 
tal rod  extends  to  the  arm  of  a  ring  encircling  a  ratchet-wheel, 
there  being  a  number  of  pawls  in  this  ring  of  different  lengths  to 
engage  the  ratchets.    This  link  is  moved  backwards  and  forwards 
on  its  centre,  8  or  10  times  every  stroke  of  the  engine,  by  means 
of  the  lower  horizontal  rod  which  is  attached  at  one  end  to  the 
lower  end  of  the  link,  and  at  the  other  end  to  a  small  pin  m  the 
side  of  a  drum,  which  is  drawn  out  by  a  string,  like  the  dmm 
for  carrying  the  paper  in  a  common  indicator,  and  is,  in  like 
manner,  returned  by  a  spring ;  but  the  dimensions  of  the  dmm, 
and  the  place  of  attachment  of  the  string,  are  such  that  the  dram 
makes  a  considerable  number  of  turns — say  10 — ^for  each  stroke 
of  the  engine,  and  the  link  makes  the  same  number  of  recipro- 
cations.   If  there  be  an  equality  of  pressure  on  each  side  of  the 
piston,  the  end  of  the  rod  moving  in  the  slot  will  be  in  the  mid 
position  ;  and  as  while  it  is  there  no  amount  of  vibration  of  the 
link  will  give  it  any  end  motion,  there  will  be  no  motion  under 
such  circumstances  communicated  to  the  ratchet.    I^  however, 
the  pressure  either  upward  or  downward  is  considerable,  the 
end  of  the  rod  will  be  moved  so  much  up  or  down  in  the  link 
that  its  reciprocation  will  give  considerable  end  motion  to  the 
rod  communicating  with  the  ratchet ;  and  the  amount  of  motion 
given  to  the  ratchet  every  stroke  will  represent  the  amount  of 
mean  pressure  urging  the  piston.    The  number  of  revolutions  to 
be  made  by  the  drum  every  stroke  having  been  once  definitively 
fixed,  it  is  clear  that  the  number  of  revolutions  it  will  make  per 
minute  will  depend  on  the  number  of  strokes  made  per  minnte 
by  the  engine,  and  the  revolutions  of  the  ratchet-wheel  will 
consequently  represent  both  the  mean  pressure  and  the  speed  of 
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piston — or  in  other  words,  it  will  represent  the  power.  The 
spindle  of  the  ratchet  wheel  is  formed  into  a  screw,  which  works 
into  the  periphery  of  a  wheel  that  gives  motion  to  other  wheels 
and  hands,  like  the  train  of  a  gas-meter ;  and  on  opening  the  in- 
strument at  the  end  of  any  giy^i  time,  sach  as  at  the  termina- 
tion of  a  YOjage  of  an  ocean  steamer,  the  power  which  the  ves- 
sel has  exerted  since  she  started  on  the  voyage  will  be  found  to 
be  accurately  registered.  This  being  compared  with  the  quan- 
tity of  coals  consumed,  which  can  easily  be  found  from  the  books 
of  the  owners,  will  give  the  duty  of  the  engine ;  and  by  ascer- 
taining and  publishing  the  duty  of  different  vessels,  a  wholesome 
emulation  would  be  excited  among  engine-makers  and  en^e 
tenders,  and  a  vast  reduction  in  the  consumption  of  fuel  would 
no  doubt  be  obtained.  For  many  years  past  I  have  urged  the 
introduction  of  that  system  of  registration  in  the  case  of  steam- 
vessels  which  in  the  case  of  the  Ooraish  engines  speedily  led  to 
such  unprecedented  economy.  But  the  want  of  a  suitable  register- 
ing apparatus  constituted  a  serious  impediment,  and  I  have  con- 
sequently undertaken  to  contrive  the  instrument  of  which  a 
rough  outline  is  given  above. 

Heating  Surface  in  modem  Boilers, — ^The  quantity  of  heat- 
ing surface  given  in  modern  boilers  per  nominal  horse-power  has 
been  constantly  increasing,  until,  in  some  of  the  boilers  of  recent 
steam-vessels  intended  to  maintain  a  high  rate  of  speed,  it  has 
become  as  much  as  85  square  feet  per  nominal  horse-power ;  and 
such  vessels  exert  a  power  nine  times  greater  than  the  nomiual 
power.  The  nominal  power,  in  fact,  has  ceased  to  be  any  measure 
of  the  dimensions  of  a  boiler ;  and  the  best  course  will  be  to  con- 
sider only  the  water  evaporated.  In  modem  marine  boilers  it 
may  be  reckoned  that  a  cubic  foot  of  water  will  be  evaporated 
in  the  hour  by  7  lbs.  of  coal  burned  on  70  square  inches  of  fire- 
bars, and  the  heat  from  which  is  absorbed  by  10  square  feet  of 
heating  surface,  so  that  the  consumption  of  coal  per  hour,  on  each 
square  foot  of  grate,  will  be  14:'4  lbs.  If  the  steam  be  cut  off 
from  the  cylinder  when  one-third  of  the  stroke  has  been  per- 
formed, as  is  a  common  practice,  the  efficiency  of  the  steam 
will  be  somewhat  more  than  doubled,  or  a  horse-power  will  be 
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generated  with  something  less  than  8}  lbs  of  ooaL  In  large 
boilers  and  engines,  however,  the  efficienoj  is  greater  than  in 
small,  and  there  is  farther  benefit  obtained  from  snperheatmg; 
and  from  heating  the  feed- water  yerj  hot  In  modem  steam- 
vessels  of  efficient  constrnction,  therefore,  the  consumption  of  ooal 
is  not  more  than  2|  lbs.  per  aotnal  horse-power.  Bonlton  and 
Watt  put  sufficient  lap  upon  their  valves  to  cut  off  the  steam 
when  two-thirds  of  the  stroke  have  been  performed  as  a  minfannm 
of  expansion ;  and  then,  by  aid  of  the  link-motion,  they  can  ex- 
pand stiU  more,  if  required,  so  as  to  out  off  when  one-third  of 
the  stroke  has  been  performed. 

The  area  of  the  back  uptake  should  be  15  square  inches  per 
cubic  foot  evaporated ;  the  area  of  the  front  uptake  12  square 
inches,  and  the  area  of  the  chinmej  7  square  inches  per  cublo  fbot 
evaporated.  These  proportions  will  enable  the  dimensions  of  mf 
boiler  to  be  determined  when  the  rate  of  expansion  has  been  fixed. 

The  proportion  in  which  the  actual  exceeds  the  nominal 
power  varies  very  much  in  different  engines,  but  about  4  or  ^ 
times  appears  to  be  the  prevalent  proportion  in  1865,  though,  as  I 
have  stated,  in  special  cases  twice  this  proportion  of  power  is 
exerted,  and  the  boilers  are  proportioned  to  give  the  increased 
supply  of  steam  required.  For  any  temporary  purpose  the  power 
may  be  increased  by  quickening  the  draught  through  the  ftimace 
by  a  jet  of  steam  in  the  chimney;  but  in  such  case  the  consranp- 
tion  of  fuel  per  cubic  foot  of  water  evaporated  will  be  somewhat  in- 
creased. The  first  proportion  of  heating  surface,  however,  which 
the  flame  encounters  is  very  much  more  efficient  than  the  last 
portion,  in  consequence  of  the  higher  temperature  to  which  it  is 
subjected ;  and  if  the  draught  be  quickened  the  temperature  will 
be  increased,  and  every  square  foot  of  heating  surface  will  thereby 
acquire  a  greater  absorbing  power.  The  hotter  the  furnace  is, 
the  more  heat  will  be  absorbed  by  the  water  in  the  re^on  of  the 
furnace;  and  the  more  heat  that  is  absorbed  by  the  furnace  the 
less  will  be  left  for  the  tubes  to  absorb.  It  is  material,  therefore, 
to  maintain  high  bridges,  a  rapid  draught,  and  all  other  aids  to  a 
high  temperature  in  the  ftirnace ;  as  the  absorption  of  heat  wiB 
thus  be  more  rapid,  and  the  combustion  will  be  more  perfect, 
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from  the  high  temperature  to  which  the  smoke  is  exposed.  It 
win  increase  the  efficacy  of  the  heating  snr£EUie,  moreover,  if  the 
smoke  be  made  to  strike  against  instead  of  sliding  over  it ;  and 
tluB  end  will  be  best  attained  by  using  vertical  tubes,  with  the 
water  within  them,  on  which  the  smoke  may  strike  on  its  way 
to  the  chimney.  Such  tubes,  furthermore,  are  eligible  in  con- 
sequence of  the  facilities  they  give  for  the  rapid  circulation  of 
the  water  within  the  boiler ;  and  this  rapid  circulation  will  not 
merely  render  the  boiler  more  durable  by  preventing  overheat- 
ing of  the  metal,  but  as  the  rapidly  ascending  current,  by  carry- 
ing off  the  steam  and  presenting  a  new  surface  of  water  to  be  acted 
upon,  keeps  the  metal  of  the  tubes  cool,  they  are  in  a  better  con- 
dition for  absorbing  heat  from  the  smoke  than  if  the  metal  had 
become  overheated  from  the  entanglement  of  steam  in  contact 
with  it,  which  impeded  the  access  of  the  water,  and  prevented 
the  rapid  absorption  of  heat  which  would  otherwise  take  place. 
In  locomotive  boilers,  where  the  temperature  of  the  furnace  is 
rery  high,  as  much  evaporative  efficacy  is  obtained  from  7  lbs.  of 
ooal,  with  5  or  6  square  feet  of  heating  surface,  as  is  obtained  in 
land  and  marine  boilers  with  9  or  10 ;  and  the  reason  manifestly 
Is,  that  as  the  rapidity  of  the  transmission  of  heat  increases  as  the 
square  of  the  temperature,  a  square  foot  of  heating  surface  in  a  fur- 
nace twice  as  hot  will  be  four  times  more  effective,  so  that  the 
tabes  are  left  with  comparatively  little  work  to  do,  from  so  much  of 
the  work  having  been  done  in  the  furnace.  Each  square  foot  of 
tabe  surface  in  locomotives  will  only  evaporate  as  much  as  each 
square  foot  in  an  ordinary  land  and  marine  boiler ;  but  the  mean 
efficacy  of  the  whole  heating  surface  is,  nevertheless,  raised  very 
high  by  the  greatly  increased  efficacy  of  the  fire-box  surface, 
from  its  high  temperature.  It  is  desirable  to  imitate  these  con- 
ditions in  marine  and  land  furnaces  by  making  the  area  fire-grate 
small,  the  draught  rapid,  and  the  bridges  high,  to  the  end  that  a 
bigh  temperature  in  the  furnace  may  be  preserved,  and  a  con- 
sequently rapid  generation  of  steam  promoted.  It  would  also  be 
desirable,  and  not  difficult,  to  feed  the  furnaces  with  hot  air  instead 
of  with  cold,  which  would  conduce  more  to  economy  than  feeding 
the  boiler  with  hot  instead  of  cold  water ;  and  it  would  not  be  dif- 
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fionlt  to  carry  oat  this  improvement,  hj  enoirdiDg  tibe  dhimnej 
with  air-casing  nearly  to  the  top,  and  condnoting  the  air  which 
would  be  admitted  by  openings  aromid  the  casings  at  its  upper  end, 
past  the  smoke-box  doors,  to  tiie  end  of  the  fhmaces.  The  only  diffi- 
culty which  might  be  apprehended  from  this  procedure  would  be 
the  increased  heat  and  diminished  durability  of  the  fomace-bara. 
But  this  difficulty  might  no  doubt  be  surmounted  by  TniAing  the 
bars  deep  and  thin,  and  by  not  increasing  the  temperature  of  the 
entering  air  beyond  the  point  which  experience  proved  it  oonld  be 
raised  to  with  impunity.   The  area  of  the  casing  around  the  ohim- 
ney  would  require  to  be  about  as  great,  at  the  largest  part,  asliie 
area  of  the  chimney  itself.    But  it  could  be  made  conical,  or 
tapering  off  at  the  top,  and  the  ur  might  be  admitted  in  yeriaoil 
slits  extending  downwards  for  a  certain  length,  as  the  heat  at  the 
top  of  the  chimney  could  be  abstracted  by  such  a  small  volmne 
of  air  as  a  narrow  casing  would  contain.    In  this  heating  of  l^air 
entering  furnaces  there  is  an  expedient  of  economy  ayailable  lor 
the  engineer  which  has  not  yet  been  brought  into  force ;  and  iti 
effect  will  be  both  to  reduce  the  consumption  of  the  fuel  and  to 
render  the  existing  heating  surface  more  effective.    I^  for  ex- 
ample, we  take  the  existing  temperature  of  the  furnace  to  be 
8,000°  Fahrenheit,  and  if  we  increase  the  temperature  of  the  en- 
tering air  by  500°,  which  we  might  easily  do  without  iway  new 
expense,  we  shall  not  merely  save  one-sixth  of  the  fuel,  but  we 
shall  render  the  absorbing  surface  of  the  furnace  more  efficaoioos 
by  raising  the  temperature  from  8,000°  to  8,500°.    Nor  will 
this  probably  be  the  limit  of  benefit  obtained;  and  as  in  fee^og 
boilers  with  boiling  water  instead  of  cold,  and  in  surrounding 
cylinders  by  steam  to  keep  them  hot  instead  of  exposing  them 
to  the  atmosphere,  we  obtain  a  greater  benefit  than  theory  wonld 
have  led  us  to  expect,  so  in  feeding  furnaces  with  hot  air  instead 
of  cold  air  we  shall  in  all  probability  obtain  a  larger  benefit  than 
that  which  theory  indicates.    The  experience  already  obtainei 
of  the  saving  effected  by  using  the  hot  blast  in  iron  smeltinf 
fhmaces  certainly  points  to  the  probability  of  such  a  realization; 
and  one  manifest  effect  will  be,  that  the  combustion  of  the  ooal 
will  be  rendered  more  perfect,  and  less  smoke  wiU  be  xnroduoed. 
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The  present  system  of  land  and  marine  boilers,  however,  is 
altogether  &nlty,  and  mnst  be  changed  completely.     When  I 
planned  and  constmcted  the  first  marine  tubular  boiler  in  1838, 
and  which  was  adapted  for  working  with  a  high  pressure  of 
steam,  and  which  also  had  the  advantage  of  surface  condensation, 
tiie  innovation  was  a  step  in  advance,  and  it  has  proved  successful 
and  serviceable,  though  up  to  the  present  time  the  system  then 
propounded  by  me  has  not  been  fully  wrought  out  in  practice. 
But  we  now  want  something  much  better  than  what  would  have 
sufficed  for  our  wants  in  1838,  and  I  will  here  briefly  recapitulate 
what  we  require  and  must  obtain.    First,  then,  we  must  have  a 
^tin  higher  pressure  of  steam  than  I  contemplated  in  1838 ;  to 
obtain  which  with  safety  we  must  have  two  things ;  a  very  strong 
boiler,  and  absolute  immunity  from  salting.    The  expedient  of 
iSur&ce  condensation,  which  I  propounded  in  1838,  as  the  means 
of  accomplishing  the  last  disideratum,  though  effectual  for  the 
purpose,  and  now  widely  adopted,  is  less  eligible  for  moderate 
^essures  than  the  method  of  preventing  salting  which  I  have 
flinoe  suggested,  and  which  consists  in  the  introduction  of  a 
small  Jet  in  the  eduction-pipe,  the  water  of  which,  though  unable 
wholly  to  condense  the  sfceom,  wiU  be  itself  raised  to  the  boiling 
point,  and  be  transmitted  to  the  boiler  without  any  means  of 
stopping  it  off;  and  the  excess  of  feed- water  which,  under  this 
arrangement,  will  always  be  entering  the  boiler,  will  escape 
through  a  continuous  blow  ofl^  and  thus  prevent  the  boiler  from 
indting.    The  column  of  steam  escaping  to  the  condenser  will, 
nnder  suitable  arrangements,  itself  force  this  water  into  the 
boiler ;  and  in  locomotives,  in  like  manner,  the  water  may  be 
forced  into  the  boiler  by  using  a  portion  of  the  steam  escaping 
ftom  the  blast  pipe  for  that  purpose,  whereby  the  boiler  will  be 
fed  with  boiling  water  by  the  aid  of  steam  otherwise  going  to 
waste.    In  this  way  marine  boilers  may  be  kept  from  salting ;  for 
the  sulphate  of  lime  which  is  deposited  from  sea  water  at  the  tem- 
peratures of  high-pressure  steam,  may  be  separated  by  filtration 
in  the  feed  pipe.    On  the  whole,  for  high  pressures  a  small  sur- 
fJBuse  condenser  with  auxiliary  jet  seems  best.    To  give  a  rapid 
oircnlation  to  the  water,  and  render  the  heating  surface  efficient 
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in  the  highest  degree,  the  tubes  should  be  upright  with  the  water 
within  them ;  and  the  ftimaces  should  be  fed  with  coal  by  sdf- 
acting  mechanism,  which  would  abridge  the  labor  of  firing,  and 
insure  the  work  being  better  done.  To  reduce  the  strain  on  the 
engine  at  the  be^nning  of  the  stroke,  when  steam  of  a  hi^^ 
pressure  is  employed,  the  stroke  should  be  long,  the  piston  small 
in  diameter,  and  a  considerable  velocity  of  piston  should  be  em- 
ployed; or,  where  there  are  two  engines,  the  steam  may  be  ex- 
panded from  the  cylinder  of  one  en^e  into  the  cylinder  of  the 
other  en^e,  accordiug  to  Nicholson's  system,  whereby  twice  the 
expansion  will  be  obtained  with  only  the  same  apparatus. 

Relative  mirfa/ie  areas  of  Boilers  and  Condensers.-^Tba 
evaporatiYe  power  of  land  and  marine  boilers  per  square  foot  of 
heating  surface,  depends  very  much  upon  the  structure  and  con- 
figuration of  the  boiler.  In  some  marine  engines  a  performance 
of  six  times  the  nominal  power  has  been  obtained  with  a  propor- 
tion of  heating  surface  in  the  boiler  of  only  12  square  feet  per 
nominal  horse-power ;  and  as  about  half  of  this  power  was  ob* 
tained  by  expanding  the  steam,  1  cubic  foot  of  water  was  evacp* 
orated  by  every  4  square  feet  of  heatmg  surface,  which  is  ft 
smaller  proportion  even  than  that  which  obtains  commonly  in 
locomotives.  In  such  cases  the  proportion  of  cooling  surface  in 
the  condenser  has  been  made  equal  to  the  amoxmt  of  heating 
surface  in  the  boiler ;  and  the  amount  of  coohng  surface  in  the 
condenser  relatively  to  the  amount  of  the  heating  surface  of  the 
boiler  should  manifestly  have  reference  to  the  activity  of  that 
heating  surface.  So  in  like  manner  it  should  be  influenced  by 
the  amount  of  expansion  which  the  steam  undergoes  in  the  cyl- 
inder; since  the  steam,  in  communicating  power,  parts  with  a 
corresponding  quantity  of  heat.  A  still  more  important  condi- 
tion of  the  action  of  the  condenser  is,  that  the  water  shall  pass 
through  the  tubes  with  rapidity,  and  that  it  shall  flow  in  the  op- 
posite direction  to  the  steam,  so  that  the  hottest  steam  shall 
meet  the  warmest  water ;  as  warm  water  will  suffice  to  condense 
hot  steam,  which  would  be  quite  inoperative  in  condensing  at- 
tenuated vapour.  A  common  proportion  of  condenser  surface 
in  modem  engines  is  '75  that  of  the  boiler  surface.    Thus  a 
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boiler  with  20  square  feet  of  heating  surface  will  have  15  square 
f^et  of  heating  surface.  Bnt  the  largest  part  of  this  surface  is 
required  to  obtain  the  last  pound  or  two  of  exhaustion ;  and  it 
is  preferable  to  employ  a  moderate  surface  to  condense  the  bulk 
of  the  steam,  and  to  condense  the  residual  vapour  bj  a  small  jet 
of  Bait  water  let  in  from  the  sea.  It  is  found  advisable  to  admit 
a  smaQ  quantity  of  salt  water  on  other  grounds.  For  the  fresh 
water  in  the  boiler,  as  it  forms  no  scale,  leaves  the  boiler  subject 
to  the  corrosive  influence  produced  by  placing  a  mass  of  copper 
tabes— on  which  the  sea  water  acts  chemically— in  connexion 
with  the  mass  of  wet  iron  which  constitutes  the  boiler;  and,  as 
m  Sir  Humphrey  Davy's  arrangement  for  protecting  copper 
sheathing  by  iron  blocks,  the  copper  tubes  are  protected  at  the 
expense  of  the  boiler,  since  the  communicating  pipes  and  the 
water  within  them  form  an  efficient  connexion.  It  would  be 
easy  to  break  the  circuit  so  far  as  the  metal  is  concerned  by  in- 
terposing glass  flanges  between  the  flanges  of  the  pipes.  But 
this  would  not  stop  the  conmiunication  by  the  water  itself  and 
the  best  course  appears  to  satisfy  the  corroding  conditions  by 
placing  blocks  of  zinc  within  the  condenser,  which  might  be 
corroded  instead  of  the  tubes  or  the  boHer.  The  present  anti- 
dote to  the  corrosive  action  consists  in  the  introduction  of  a  cer- 
tam  proportion  of  salt  water  into  the  boiler,  which  is  intended 
to  shield  the  evaporating  surfaces  from  corrosive  action  by  de- 
positing a  coating  of  scale  upon  those  evaporating  surfaces. 
But  in  this  arrangement  we  have  necessarily  an  excess  of  water 
entering  the  boiler ;  for  we  have  not  only  all  the  water  returned 
which  passes  off  as  steam,  but  a  certain  proportion  of  sea  water 
besides.  It  will  consequently  be  necessary  to  provide  for  the 
excess  being  blown  out  of  the  boiler ;  and  the  question  is,  whether, 
as  we  must  introduce  such  an  arrangement,  it  would  not  be  ad- 
visable, with  low  pressures,  to  make  the  proportions  such  as 
would  enable  us  to  dispense  with  the  surface  condenser  alto- 
^ther  ?  K  it  is  retained  at  all,  it  should  only  be  retained  in 
each  shorn  proportions  as  to  condense  the  grossest  part  of  the 
steam — ^the  water  resulting  from  which  should  be  sent  into  the 
boiler  quite  hot,  and  the  rarer  part  of  the  steam  should  be  con- 
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densed  hj  a  jet  of  salt  water  of  about  the  same  dimenaooB  ae 
that  already  employed.  It  is  very  neoessary  to  be  oarefbl  inthe 
case  of  surface  condensers  to  prevent  any  leakage  of  air,  whid^ 
if  mingled  with  the  steam,  would  form  a  wall  of  air  against  the 
refrigeratory  sorface,  which  would  prevent  the  contact  of  tk 
steam  and  hinder  the  condensation,  precisely  as  it  was  found  io 
do  in  the  old  engines  of  Newcomen,  where  air  waa  pniposdj 
admitted  to  form  a  stratum  between  the  hot  steam  and  the  oM 
cylinder;  and  which  diminished  the  loss  from  the  oondtnsatioD 
of  the  steam  within  the  cylinder  to  a  very  material  extent. 

JSxample  qf  modem  ma/tint  engine  and  boiler, — Aa  an  exam* 
pie  of  the  proportions  of  marine  engines  and  boilers  and  mb- 
densers  of  approved  modem  construction,  I  may  here  red^itir 
late  the  main  particulars  of  the  machinery  of  the  screw  sfeeanur 
'Ehone,'  constructed  for  the  West  India  Mail  Company  by  Ae 
Hillwall  Iron  Company  in  1865. 

These  engines  are  on  the  inverted  cylinder  principle  of  500 
horse-power.  There  are  two  cylinders  of  72  inches  diameter 
and  4  feet  stroke,  and  the  estimated  number  of  revolutions  par 
minute  is' 52.  The  cylinders  are  supported  on  massive  hoDow 
standards  resting  on  a  bed  plate  of  the  same  construction.  There 
are  two  air-pumps  wrought  by  links  and  levers  from  two  pins  on 
the  ends  of  the  piston  rods.  The  surfisice  condenser  is  placed 
between  the  two  air-pumps,  and  is  fitted  with  brass  tubes  placed 
horizontally,  and  resting  in  vertical  tube  platesL  The  two  end 
plates  have  screwed  stuffing  boxes,  with  cotton  washer  packing 
for  each  tube.  The  tubes  are  divided  into  three  groups  or  sec- 
tions, through  each  of  which  the  condensing  water  succesaTely 
passes ;  and  the  water  enters  from  the  lower  end  of  the  con- 
denser and  escapes  at  the  upper  end,  where  the  steam  enters,  so 
that  the  hottest  water  meets  the  hottest  steam.  The  two  dreo- 
lating  pumps  are  placed  opposite  each  other,  and  are  wrou^by 
a  crank  on  the  end  of  the  crank  shaft.  The  steam  is  condensed 
outside  the  tubes ;  and  the  condensed  water  flows  down  to  tW 
air-pumps,  by  which  it  is  pumped  to  the  hot  well,  and  from 
which  it  is  taken  to  the  boilers  in  the  usual  way. 

The  crank  shaft  is  of  Krupp's  cast  steel  in  two  pieces, 
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«>Bpled  bj  flanges.  The  screw  shaft  is  of  iron,  covered  with 
taim  in  the  stem  tabe,  and  working  in  lignum  vitad  bearings  in 
the  stem  tabe  and  after  stem  post.  The  boilers  are  in  fonr 
aoparate  parts,  and  fitted  with  a  superheating  apparatus  consist- 
ing of  a  series  of  vertical  iron  tubes  4^  inches  bore,  on  the  plan 
of  lix.  Bitohie,  the  company's  superintending  engineer. 

The  sorfiGK^  condenser  has  8,666  tubes,  f  inches  external 
diameter^  and  9  feet  2^  inches  long  between  the  tube  plates. 
33ie  mir&oe  of  the  tubes  is  6,525  square  feet,  or  13*05  square  feet 
per  ncmnnal  horse-power.  The  two  circulating  pumps  are  don- 
Ua  acting  25"  diameter,  with  a  tmnk  of  17"  diameter  on  one 
and  of  the  plungers.  The  boilers  have  20  furnaces  8'  0^"  wide, 
with  fire  bars  of  6  feet  8  inches  in  length.  The  total  area  of 
flra  grate  is  400  square  feet^  =  0*8  square  feet  per  nominal  horse- 
power. The  number  of  brass  tubes  in  the  boiler  is  1,180  of  8^ 
external  diameter  and  6  feet  8  inches  long.  The  total  heating 
mxAoe  in  the  boilers  is  9,800  square  feet,  or  19*6  square  feet  per 
nominal  horse-power.  In  the  superheater  the  surface  is  2,160 
aqnare  feet,  or  4*82  square  feet  per  nominal  horse-power,  maMng 
the  total  heating  surface  in  boiler  and  superheater  28*92  square 
jfSMt  per  nominal  horse-power.  The  area  of  heating  sur&ce  in 
the  boiler  per  square  foot  of  grate  is  24*5  square  feet,  and  the 
Kea  of  superheating  surface  per  square  foot  of  grate  is  5*4  square 
fbet^  xnaking  the  total  heating  surface  in.  boiler  and  superheater 
90*9  square  feet  per  square  foot  of  grate.  The  total  area  of  the 
oandmser  surface  is  *66  of  the  total  heating  surface  in  the  boiler, 
and  *54  of  the  total  area  of  the  heating  surface  of  boiler  and 
taperheater  taken  together.  These  engines  are  very  strong,  and 
manifiostly  embody  the  results  of  the  long  experience  of  steam 
navigation  which  the  West  India  Mail  Company  must  now  pos- 
sess. The  workmanship  and  materials  are  of  the  very  first 
quality;  and  accurate  adjustment  and  conscientious  construc- 
tion are  manifested  throughout. 

Giffa/r^B  Injector. — ^This  instrument,  which  feeds  boilers  by 
a  jet  of  steam  discharged  into  the  feed  pipe,  acts  on  the  principle 
that  the  particles  of  water  which  obtain  a  high  velocity  when 
they  flow  out  as  steam  retain  this  velocity  when  reduced  by 
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oondensatioii  to  the  form  of  water ;  and  a  jet  of  water  of  great 
Telocity  is  capable  of  balancing  a  correspondingly  high  head,  or 
a  pressnre  greater  than  that  which  sabsists  within  the  boOer. 
The  Jet  consequently  penetrates  the  boiler,  as  we  can  easily  un- 
derstand any  jet  wonld  do  which  has  a  greater  Telocity  than  a 
similar  jet  escaping  from  the  boiler.  These  ii^eotors,  thoogh 
very  generally  employed  in  locomotiTCS,  are  not  mnch  used  f(x 
land  or  marine  boilers ;  and  in  their  present  form  they  oooasiOD 
much  waste,  as  the  steam  by  which  they  are  actuated  is  drawn 
from  the  boiler,  whereas  it  ought  to  be  the  steam,  or  a  portion 
of  it,  which  escapes  to  the  condenser  or  the  atmosphere.  These 
ii^jectors,  like  Bourdon's  gauges,  and  other  instruments  employed 
in  the  steam-en^e,  are  not  made  by  en^eers,  but  are  a  dis- 
tinct manufacture;  and  the  manufacturers,  on  being  supplied 
with  the  necessary  particulars,  fdmish  the  proper  size  of  instru- 
ment in  each  particular  case./  The  proper  diameter  of  the  Ila^ 
rowest  part  of  the  instrument  to  dellTer  into  the  boiler  any  giren 
number  of  gallons  per  hour,  may  be  found  by  dividing  the  num- 
ber of  gallons  required  to  be  delivered  per  hour  by  the  squtre 
root  of  the  pressure  of  the  steam  in  atmospheres,  and  extraoting 
the  square  root  of  the  quotient,  which,  multiplied  by  the  con- 
stant number  *0158,  gives  the  diameter  in  inches  at  the  smallest 
part.  Contrariwise,  if  we  have  the  size,  and  wish  to  find  the 
delivery,  we  multiply  the  constant  number  63*4  by  the  diameter 
in  inches  and  square  the  product,  which,  multiplied  by  the  square 
root  of  the  pressure  of  the  steam  in  atmospheres,  gives  the  de- 
livery in  gallons  per  hour.  These  rules  correspond  very  dosely 
with  the  tables  of  the  deliveries  of  different  sizes  published  by  the 
manufacturers,  Messrs.  Sharp,  Stewart,  and  Co.,  of  Manchester. 

POWEB  BEQT7IBED  TO  PEBFOBM  VABIOUS  KINDS  OF  WOSE. 

The  power  required  to  obtain  any  ^ven  speed  in  a  given 
steamer  will  be  so  fully  discussed  in  the  next  chapter  that  the 
subject  need  not  be  further  referred  to  here ;  and  in  my  *  Cate- 
chism of  the  Steam-Engine'  I  have  recapitulated  the  amount  ol 
power,  or  the  size  of  engine,  required  to  thrash  and  grind  com, 
spin  cotton,  work  sugar  and  saw  mills,  press  cotton,  drive  piles, 
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dredge  earth,  and  blow  furnaces.  The  subject,  however,  is  so 
hnportant  that  I  shall  here  recapitulate  other  cases  for  the  most 
part  derived  from  experiments  made  with  the  dynamometer  in 
France  by  General  Morin,*  whose  researches  on  this  subject 
have  been  highly  interesting,  and  have  been  conducted  with 
mnoh  care  and  ability. 

Oamparative  efficiency  of  different  machines  for  raising  water, 
-^Of  the  different  pumps  experimented  upon  by  General  Morin, 
the  result  of  eight  experiments  made  with  pumps  draining  mines 
showed  that  the  effect  utilised  was  %^  per  cent,  of  the  power 
expended.  But  in  these  cases  there  was  considerable  loss  from 
leakage  from  the  pipes.  At  the  salt  works  of  Dreuze  the  useftil 
effect  was  62*8  per  cent,  of  the  power  expended.  In  fire-engine 
pumps  employed  to  deliver  the  water  pumped  at  a  height  of 
from  12  to  20  feet,  the  proportion  of  the  water  delivered  to  the 
capacity  of  the  pump  was,  in  the  pumps  of  the  following  makers 
— Merryweather,  Tylor,  Perry,  Oarl-Metz,  Letestu,  Flaud,  and 
Perrin,  respectively,  as  follows  :—-920,  -887,  -910,  -974,  '910,  -920, 
and  "900 ;  while  the  percentage  of  useful  effect  relatively  with 
10/$'  power  expended  was  89*7,  89-1,  80*2,  28*7,  27-1,  19-4,  and 
VBHij  respectively.  With  a  higher  pressure,  the  eflBciency  of  the 
vlkflAe  of  the  pumps  increased ;  and  when  employed  in  throwing 
water  with  a  spout-pipe  the  delivery  of  water  relatively  with 
the  effective  capacity,  or  space  described  by  the  piston,  was,  when 
the  names  are  arranged,  as  follows : — Carl-Metz,  Merryweather, 
T^^or,  Letestu,  Perry,  Flaud,  Perrin,  and  Lamoine,  respective- 
ly, -960,  -810,  -565,  -870,  -910,  -912,  -950,  and  -900 ;  while  the 
proportion  of  useful  effect,  or  percentage  of  work  done  relatively 
with  the  power  expended,  was  80,  57*3,  64-6,  46*2,  87*8,  88*4, 
28*8,  and  17'6,  in  the  respective  cases.  In  the  membrane  pump 
of  M.  Brtle  the  eflScacy  was  found  to  be  40  to  45  per  cent,  of  the 
power  expended.  In  the  water- works  pumps  of  Ivry,  construct- 
ed by  Oav6,  the  efficiency  was  found  to  be  53  per  cent,  of  the 
power  expended ;  and  in  the  water- works  of  St.  Ouen,  by  the 
anne  maker,  76  per  cent.  It  is  desirable  that  the  buckets  of 
the  pomps  of  water- works  should  move  slowly,  otherwise  the 

*  Aide  Mhnoire,  by  General  Morin,  6th  edition,  1864. 

17 


886     POWEB  AND  PEBFOBMANCE  OF  ENGINES. 

water  will  go  off  with  considerable  Telocity,  inyolving  a  corre- 
sponding loss  of  power.  The  area  through  the  valves  should  be 
half  the  area  of  the  pomp,  and  the  area  of  the  suction  and  forcing 
pipes  ought  to  be  equal  to  three-fourths  of  the  area  of  the  body 
of  the  pump.  Waste  spaces  should  be  avoided.  The  loss  of  water 
through  the  valves  before  they  shut  is,  in  good  pumps,  about  10 
percent. 

In  a  chain-pump  the  efficiency  was  found  to  be  38  per  oeni, 
but  in  many  chain-pumps  the  efficiency  is  much  more  than  this. 
The  efficiency  of  the  Persian  wheel  was  found  to  increase  very 
much  with  the  height  to  which  the  water  was  raised.    For 
heights  of  1  yard  it  was  48  per  cent.,  for  2  yards  57,  for  8  yards  68, 
for  4  yards  66,  and  for  6  yards  and  upwards  70  per  cent  of  the 
power  consumed.    For  a  wheel  of  pots  the  efficiency  is  60  per 
cent. ;  Archimedes  screw,  65  per  cent. ;  .scoop  wheel  with  M 
boards  moving  in  a  circular  channel,  70  per  cent. ;  improved 
bucket  wheel,  82  per  cent,  and  tympan-wheel,  or,  as  it  is  some- 
times called,  Wirtz^s  Zurich  machine,  88  per  cent    This  machine 
should  dip  at  least  a  foot  into  the  water  to  give  the  best  results. 
In  the  belt-pump  the  efficiency  was  found  to  be  43  per  cent;  in 
Appold's  centrifugal   pump,  65  per  cent;   in  the  centrifugal 
pump,  with  inclined  vanes,  42  per  cent.,  and  with  radial  vanes, 
24  per  cent.    In  Gwynn's  pump  the  efficiency  waa  80  per  cent. 

In  the  Archimedes  screw  the  diameter  is  usually  one-twelfth 
of  the  length,  and  the  diameter  of  the  newel  or  central  drum 
should  be  one-third  of  the  diameter  of  the  screw.  It  ought  to 
have  at  least  three  convolutions,  and  the  line  traced  by  the  • 
screw  on  the  enveloping  cylinder  should  have  an  angle  of  67*  to 
70°  with  the  axis.  The  axis  itself  should  make  an  angle  of  from 
80°  to  45°  with  the  horizon.  There  is  a  sensible  advantage  ob- 
tained from  working  hand-pumps  by  a  crank  instead  of  a  lever. 

Old  French  Flour  Mill  at  Senelle, — ^Diameter  of  millstones, 
70  inches ;  numbier  of  revolutions  per  minute,  70 ;  quantity  of 
com  ground  and  sifted  per  hour,  260*7  lbs. ;  power  consumed, 
3*34  horses,  The  power  is  in  all  cases  the  power  actually  exert 
ed,  as  ascertained  by  the  dynamometer. 

English  Flour  Mill  near  Mete, — Diameter  of  millstones,  5118 
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inches;  number  of  revolutions  per  minute,  110;  weight  of  mill- 
stones, 1  ton;  com  ground  per  hotir  by  each  pair,  220  lbs. ;  with 
two  pairs  of  millstones  acting,  one  bolting  machine  and  one  win- 
nowing machine,  the  power  consumed  was  8^  horse-power. 

English  Flour  Mill  near  Verdun, — ^Diameter  of  millstones, 
51 '18  inches;  number  of  revolutions  per  minute,  110;  quantity 
of  corn  ground  per  hour  by  each  pair,  or  by  each  revolving  mill- 
stone, 220  lbs. ;  with  two  stones  revolving  the  power  consumed 
was  5*64:  horses.  The  power  consumed  by  one  winnowing  ma- 
chine and  two  bolting  machines,  with  brushes  sifting  1,660  lbs. 
of  flour  per  hour,  was  6^  horses.  In  another  mill  the  number  of 
turns  of  the  millstone  was  486  per  minute,  the  quantity  of  com 
groxmd  by  each  horse-power  was  120  lbs.,  and  the  quantity  of 
com  ground  per  hour  was  110  lbs.  of  which  72*7  per  cent,  was 
flour,  7*8  per  cent,  was  meal,  and  19*5  per  cent,  was  bran.  In  a 
portable  flour-mill,  with  machinery  for  cleaning  and  sifting,  the 
total  weight  was  1,000  lbs. 

Bcurley  Mill. — ITumber  of  revolutions  of  the  miUstone  per 
minute,  246 ;  barley  ground  per  hour,  143*68  lbs. ;  motive  force  in 
horses,  3*11 ;  barley  ground  per  hour  by  each  horse-power,  48*2 
lbs.  The  products  were,  of  first  and  second  quality  of  barley 
flour,  60*12  per  cent.,  of  meal  and  bran,  80*25  per  cent.,  and  of 
bran  and  waste,  9*63  per  cent 

Rye  Mill, — ^Number  of  revolutions  of  the  millstone  per  minute, 
448 ;  rye  ground  per  hour,  92*114  lbs. ;  power  expended,  2*86 
horses ;  temperature  of  flour,  60*8°  Fahr. ;  products  64*9  per 
cent,  of  flour,  9*1  per  cent,  of  meal,  and  26  per  cent,  of  bran.  In 
another  rye  miU  the  revolutions  of  the  millstones  per  minute 
were  232  ;  rye  ground  per  hour,  180  lbs.  by  2*19  horse-power, 
and  the  rye  ground  per  hour  by  each  horse-power  was  82*21 
lbs.  The  products  were  72*5  per  cent,  of  flour;  17*6  per  cent. 
of  meal  and  fine  bran,  and  10  per  cent,  of  bran  and  waste. 

Maize  Mill, — ^Number  of  revolutions  of  the  millstone  per 
nunute,  246 ;  maize  ground  per  hour,  73*96  lbs. ;  motive  force  in 
horses,  2*69 ;  maize  ground  per  hour  by  each  horse-power,  27*5 
lbs.  Products:  first  and  second  quality  of  flour,  61*1  per  cent. ; 
meal  and  fine  bran,  30-2  per  cent. ;  bran  and  waste,  4*7  per  cent. 
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Vermicelli  Manvfactory,  -—External  diameter  of  edge  rnnners, 
66*98  inches;  internal  diameter  of  edge  runners,  62*99  inches; 
number  of  revolutions  of  the  arbour  of  the  mill  per  minute,  4; 
pounds  of  paste  prepared  per  hour,  7T  lbs. ;  power  expended,  2*95 
horse-power. 

Bean  Mill, — ^Number  of  revolutions  of  the  millstone  per  min- 
ute, 496;  power  expended  per  hour,  1*76  horse. 

Oil  Mill. — ^Weight  of  edge  runners,  6,600  lbs. ;  number  of 
turns  of  the  vertical  spindle  per  minute,  6 ;  weight  of  seed  intro- 
duced every  ten  minutes,  55  lbs. ;  weight  of  seed  crushed  daily, 
8,800  lbs. ;  product  in  oil  in  12  hours,  1,820  2bs. ;  power  expend- 
ed, 2*72  horses. 

Saw  Mill — ^Weight  of  the  saw  frame,  842*6  lbs.  When  cut- 
ting dry  oak  8.78  inches  thick,  with  1  blade  in  operation,  the 
reciprocations  or  strokes  of  the  saw  were,  88  per  minute,  the 
surface  cut,  *525  square  foot,  and  the  power  expended  8*8  horses. 
When  cutting  the  same  wood  with  4  blades  in  operation,  the 
number  of  strokes  of  the  saw  per  minute  was  79 ;  the  surface  cut  by 
each  per  minute  '483  square  foot,  or  1*78  square  foot  per  minute 
for  the  4;  and  the  power  expended  was  8*70  horses,  which  is 
equivalent  to  28  square  feet  cut  per  hour  by  1  horse-power.  When 
cutting  four-year  seasoned  oak,  12*4  inches  tliick,  with  4  blades, 
making  90  strokes  per  minute,  the  surface  cut  by  each  blade  was 
•35  square  foot,  and  the  surface  cut  by  the  4  blades,  1*41  square 
foot.  When  the  saw  was  run  along  the  middle  of  a  cylindrical 
log  of  beech  one-year  cut,  23*6  inches  diameter,  the  number  of 
strokes  of  the  saw  per  minute  was  88 ;  the  surface  cut  per  minute, 
•968  square  foot ;  and  the  power  expended,  3  horses.  In  these 
experiments  the  breadth  of  the  saw  cut  was  '157  inch,  and  the 
experiments  show  that  it  does  not  take  more  power  to  drive  a 
frame  with  one  saw  than  to  drive  a  frame  with  four,  the  great- 
est part  of  the  power  indeed  being  consumed  in  giving  motion  to 
the  frame.  The  common  estimate  in  modem  saw  mills,  when 
the  frame  is  filled  with  saws,  is,  that  to  cut  45  superficial  feet  of 
pine,  or  34  of  oak  per  hour,  requires  1  indicated  horse-power. 
The  crank,  which  moves  the  frame  up  and  down,  and  which  is 
usually  placed  in  a  pit  under  the  machine,  should  have  balance 


POWEB  REQUntED  TO  DBIYE   SAWS.  389 

weights  applied  to  it,  the  momentam  of  which  weights,  when 
the  saw  is  in  action,  will  be  equal  to  that  of  the  reciprocating 
frame.  In  some  cases  the  weight  of  the  saw  frame  is  borne  by 
a  yacnnm  cylinder,  and  with  a  20-inch  stroke  it  makes  120 
strokes  per  minute. 

Circular  Saw, — ^Diameter  of  saw,  27'5  inches ;  thickness  of 
oak  cut,  8*73  inches ;  number  of  revolutions  per  minute,  266 ; 
surface  cut  per  minute,  1*98  square  foot;  power  consumed  3*55 
horses.  When  set  to  cut  planks  of  dry  fir,  10*62  inches  broad, 
and  one  inch  thick,  the  number  of  revolutions  made  by  the  saw 
per  minute  was  244 ;  surface  cut  per  minute,  7*67  square  feet ; 
and  the  power  expended,  7*35  horses.  These  results  show  that 
in  sawing  the  smaller  class  of  timber  one  circular  saw  wiU  do  at 
least  as  much  work  as  four  reciprocating  saws,  with  the  same 
expenditure  of  power.  The  surface  cut  is,  in  all  these  cases,  under- 
stood to  be  the  height  multiplied  by  the  length,  and  not  the  sum 
of  the  two  faces  separated  by  the  saw.  The  speed  of  the  circular 
saw  here  given  is  not  half  as  great  as  that  now  conmionly  em- 
ployed. Circular  saws  now  work  with  a  velocity  at  the  peri- 
phery of  6,000  to  7,000  feet  per  minute,  and  band  saws  with  a 
velocity  of  2,500  feet  per  minute,  and  it  is  generally  reckoned 
that  75  superficial  feet  of  pine,  or  58  of  oak,  will  be  sawn  per 
hour  by  a  circular  saw  for  each  indicated  horse-power  expended. 
Planing  machine  cutters  move  with  a  velocity  at  the  cutting  edge 
of  4,000  to  6,000  feet  per  minute,  and  the  planed  surface  travels 
forward  3*0  th  of  an  inch  for  each  cut. 

Reciprocating  Veneer  Saw, — ^Length  of  stroke  of  saw,  47*24 
inches ;  thickness  of  the  blade,  '01299  inch ;  breadth  of  saw  cut, 
*02562  inch ;  length  of  teeth  for  mahogany  and  other  valuable 
woods,  '196  inch;  pitch  of  the  teeth,  *3939  inch;  distance  ad- 
vanced by  the  wood  each  stroke,  '0196  to  *03937  inch ;  number 
of  strokes  of  the  saw  per  minute,  180 ;  surface  cut  per  hour 
counting  both  faces,  107*64  square  feet;  power  expended  0*66 
horses. 

Sawing  Machine  for  Stones, — Soft  sandstone :  breadth  of  saw- 
cut,  i  inch ;  time  employed  to  saw  10  square  feet,  6  minutes  25 
seconds ;  power  expended  4*54  horses.    Hard  sandstone :  breadth 
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of  saw-cut,  i  incli ;  time  employed  to  cut  10  square  feet,  1  hour 
87  minutes ;  power  expended  2  horses. 

Sugar  Mill  for  Canes, — A  three-cylinder  mill,  with  rollers 
&i  feet  long,  30  inches  diameter,  and  maMng  2i  turns  a  minute, 
driven  by  an  engine  of  25  to  30  horse-power,  will  express  the 
juice  out  of  180  tons  of  canes  in  12  to  15  hours.    An  acre  of 
land  produces  from  10  to  20  tons  of  canes,  according  to  the  age 
and  locality  of  the  canes.    The  juice  stands  at  8°  to  12°  of  the 
saccharometer,  according  to  the  locality.    The  product  in  sugar 
varies  from  6  to  10  per  cent,  of  the  weight  of  the  canes,  accord- 
ing to  the  locality  and  mode  of  manufacture.    Well-constructed 
mills  give  in  juice  from  60  to  70  per  cent,  of  the  weight  of  the 
canes,  and  one  main  condition  of  eflBciency  is,  that  the  roflew 
shall  travel  slowly,  as  with  too  great  a  speed  the  juice  has  not 
time  to  separate  itself  from  the  woody  refuse  of  the  cane,  and 
much  of  it  is  reabsorbed.    To  defecate  330  gallons  of  juice  6 
boiling-pans,  or  caldrons,  are  required,  4  scum  presses,  and  10 
filters ;  and  to  granulate  the  sugar  2  vacuum  pans,  6i  feet  diam- 
eter, are  required,  with  2  condensers,  and  it  is  better  also  to 
have  2  air-pumps.    The  steam  for  boiling  the  liquor  in  the 
vacuum  pans  is  generated  in  three  cylindrical  boilers,  each  6  feet 
in  diameter.     To  whiten   the  sugar  there  are   10  centrifagal 
machines,  driven  by  a  12-horse  engine,  which  also  drives  a  pair 
of  crushing-rollers.     The  sugar  in  the  centrifugal  machines  is 
wetted  with  syrup,  which  is  driven  off  at  the  circumference  of 
the  revolving  cylinders  of  wire  gauze,  carrying  with  it  most  of 
the  colouring  matter  of  the  sugar,  which  to  a  great  extent  adheres 
to  the  outside  of  the  crystals,  instead  of  being  incorporated  in  them, 
and  may  consequently  be  washed  off.    When  the  sugar  is  thus 
cleansed  it  is  again  dissolved,  and  the  syrup  is  passed  through 
deep  filters  of  animal  charcoal.     Provision  must  be  made  to 
wash  the  charcoal,  both  by  steam  and  by  water,  and  two  fur- 
naces, to  re-bum  the  animal  charcoal,  will  be  required. 

The  action  of  animal  charcoal  in  bleaching  sugar  is  not  well 
understood.  But  it  appears  to  be  due  to  certain  metalhc  bases 
in  the  bones,  which  by  burning  are  brought  to  or  towards  the 
metallic  state,  from  the  superior  aflSnity  of  the  carbon  present 
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for  the  oxygen  in  the  base  at  the  high  temperature  at  which  the 
re-bnming  takes  place.  When,  however,  the  charcoal  is  mixed 
with  the  syrnp,  the  metallic  base  endeavours  to  recover  the 
oxygen  it  has  lost,  by  decomposing  the  water,  leaving  thereby  a 
certain  quantity  of  hydrogen  in  the  nascent  state ;  and  this  hy- 
drogen appears  to  dissolve  the  small  particles  of  carbon  in  the 
sugar  which  detract  from  its  whiteness,  and  to  form  therewith 
a  colourless  compound.  When  the  metallic  basis  has  recovered 
all  its  lost  oxygen  the  charcoal  ceases  to  act,  and  has  to  be  re- 
burned  ;  and,  after  numerous  re-burnings,  the  charcoal  appears 
to  be  all  burned  out  of  the  bones,  when  re-burning  ceases  to  be 
of  service.  But  their  eflScacy  might  be  restored  by  mingling  por- 
tions of  wood  charcoal.  The  use  of  charcoal  in  sugar  refining  is 
not  merely  a  source  of  expense  in  itself,  but  it  occasions  a  loss 
of  sugar,  as,  when  the  mass  of  charcoal  becomes  effete,  it  is  left 
saturated  with  syrup,  and  the  water  with  which  it  is  washed  has 
f o  be  boiled  down,  to  recover  the  sugar  as  far  as  possible.  I 
consequently  proposed  several  years  ago  a  method  of  revivifying 
the  charcoal  without  removing  it  from  the  filter.  But  the 
method  has  not  yet  been  practically  adopted. 

The  begass,  or  woody  reftise  of  the  cane,  is  usually  employed 
to  generate  the  steam  in  the  boilers.  But  it  is  generally  neces- 
sary to  use  coal  besides. 

Fans  for  llowing  Air, — The  indicated  power  required  to 
work  a  fan  may  be  ascertained  by  multiplying  the  square  of  the 
velocity  of  the  tips  in  feet  per  second  by  the  collective  areas  of 
the  escape  orifices  in  square  inches,  and  by  the  pressure  of  the 
blast  in  pounds  per  square  inch,  and  finally  dividing  the  product 
by  the  constant  number  62,600,  which  gives  the  indicated  power 
required.  The  pressure  in  pounds  per  square  inch  may  be  de- 
termined by  dividing  the  square  of  the  velocity  of  the  tips  in  feet 
per  second  by  the  constant  number  97,300. 

Cotton-spinning  Mill, — ^Number  of  spindles,  26,000 ;  power 
consumed,  110  horses;  Nos.  of  yam  spun,  30  to  40;  spindles 
with  preparation  driven  by  each  horse,  237.  It  is  reckoned  that 
each  machine  requires  1  horse-power. 

Another  example  of  a  Cotium  Mill. — ^Number  of  spindles, 
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14,508 ;  power  required  to  drive  them,  50*5  horses ;  ^os.  of  yam 
spun,  30  to  40 ;  spindles  and  preparation  driven  by  each  horse- 
power, 287, 

Another  example  of  a  Cotton  MUL — ^Number  of  spindles, 
10,476 ;  Nos.  of  yam  spun,  30  to  40 ;  spindles  and  preparation 
driven  by  each  horse-power,  235. 

Details  of  power  required  by  each  Machine  in  Cotton  JfiZ&.— 
One  beater  making  1,100  revolutions  per  minute,  with  ventilAt- 
ing  fan  making  half  this  number  of  revolutions,  cleaning  132  Ik 
of  cotton  per  hour,  requires  2*916  horse-power.  One  beater 
making  1,200  revolutions  per  minute,  with  combing  dram  1*23 
feet  diameter  and  2*8  feet  long,  making  800  revolutions  per  min- 
ute, and  preparing  132  lbs.  of  cotton  per  hour,  requires  800  revo- 
lutions per  minute  and  1*767  horse-power.  Power  required  to 
work  the  fluted  cylinders  and  endless  web  of  this  machine,  '812 
horse.  Twelve  double-casing  cylinders,  with  eccentrics,  re- 
quiring 2*697  horses,  including  the  transmission  of  the  motion, 
or  per  machine,  *225  horse.  Transmitting  the  motion  for  26 
carding-machines  requires  1*82  horse-power.  One  simple  card, 
consisting  of  a  drum  39*37  inches  diameter  and  19*68  inches 
long,  making  130  revolutions  per  minute,  and  carding  2  lbs.  of 
cotton  per  hour,  requires  *066  horse-power,  without  reckoning 
the  power  consumed  in  communicating  the  motion.  The  same 
card  working  empty  requires  *044  horse-power.  One  double- 
carding  machine  carding  4*18  lbs.  of  cotton  per  hour,  requires 
•207  horse-power.  A  drawing-frame  drawing  119  lbs.  per  hour 
requires  1*835  horse-power.  A  roving-frame,  with  60  spindles, 
with  cards,  making  525  revolutions  per  minute,  and  producing 
42  lbs.  of  No.  7  rovings  per  hour,  requires  *760  horse-power. 
One  frame  with  screw-gearing,  having  60  spindles,  making  660 
revolutions  per  minute,  and  producing  42  lbs.  of  No.  7  per  hour, 
requires  *486  horse-power.  Two  frames  with  screw-gearing, 
each  containing  96  spindles,  making  in  one  case  510  revolutions 
and  the  other  500  revolutions  per  minute,  producing  28*6  lbs. 
of  No.  2*75  to  3  per  hour,  requires  1*482  horse-power.  Two 
frames  with  screw-geai*ing,  one  containing  78  spindles  making 
344  revolutions  per  minute,  and  the  other  60  spindles  making  260 
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revolutions  per  miiitite,  and  prodncing  67*2  lbs.  of  No.  8  per 
honr,  requiring  '797  horse-power.  One  spinning-frame,  with 
cards,  having  240  spindles,  making  5,000  revolutions  per  minute, 
and  prodncing  1*65  lb.  of  yam  of  No.  88  to  No.  40  per  hour, 
requires  *686  horse-power,  and  in  another  experiment  *648  horse- 
power. Three  spinning-frames  for  weft,  having  each  360  spin- 
dles, making  4,840  revolutions  per  minute,  and  producing  8  lbs. 
of  No.  30  to  No.  40  yam  per  hour,  require  2'108  horse-power. 
One  retwisting  machine,  with  120  spindles,  making  8,000  revo- 
lutions per  minute,  requires  1*19  horse-power.  One  dressing 
machine  for  calico  85^  inches  wide,  with  ventilator :  speed  of 
the  principal  arbor,  176  revolutions  per  mmute;  speed  of  the 
brushes,  46  strokes  per  minute;  power  required,  '786  horse. 
The  same  machine,  with  the  ventilator  not  going,  requires  *206 
horse-power. 

Power-loam  Wearing. — ^To  drive  one  power-loom  weaving 
calico  86i  inches  wide,  and  82  to  90  picks  per  inch,  maMng  106 
strokes  per  minute,  requires,  taking  an  average  of  four  experi- 
ments, '1195  horse-power. 

Another  example  of  Power-loom  Weaving, — Number  of 
looms  weaving  calico  driven  by  water-wheel,  260 ;  dressing  ma- 
chines, 16 ;  winding  machines,  6  ;  warping  machines,  8 ;  small 
pumps,  6 ;  yards  of  calico  produced  per  month,  288,892 ;  power 
required  to  drive  the  mill,  25-6  horses;  number  of  looms,  with 
accessories,  moved  by  1  horse,  12. 

Another  example  of  Power-loom  Weaving. — ^Total  number  of 
looms,  60 ;  dressing  machines,  6 ;  warping  machines,  8 ;  wind- 
ing machines,  2 ;  monthly  production  of  cotton  cloth  called 
'Normandy  linen,'  47i  inches  wide,  360  pieces,  each  896  yards 
long ;  power  consumed,  8  horses ;  looms  with  their  accessories 
moved  by  each  horse-power,  7*8. 

Wool-spinning  Mill, — ^Machines  driven:  simple  cards,  29; 
double  cards,  2 ;  scribbling  beater,  1 ;  mules  of  240  spindles,  8 ; 
mules  of  200  spindles,  4;  lathes,  8;  power  consumed,  9*75 
horses.  Also  in  another  experiment  with  9  simple  and  8  double- 
cordiag  machines,  2  beaters,  and  2  scribbling  machines,  the 
power  consumed  in  driving  was  8*6  horses. 
17* 
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Another  exa/rapleofa  Wool-spinning  MUl. — ^A  wheel  exert- 
ing 10  horse-power  drives  6  mules  of  240  spindles,  6  of  180,  3 
of  192,  2  of  120,  and  5  of  100,  making  in  all  3,644  spindles ;  also 
82  carding  and  2  scribbling  machines.  Another  wheel,  also  ex- 
erting 10  horse-power,  drives  8  mnles  of  240  spindles,  4  of  120, 
and  7  of  180,  making  in  all  3,660  spindles;  also  31  carding  and 
2  scribbling  machines,  and  2  beaters.  The  spindles,  nnmber- 
ing  in  all  7,304,  make  6,000  revolutions  per  minute,  and  the 
cards  88  to  89,  requiring  a  horse-power  for  365  spindles.  Prod- 
uct per  day  of  12  hours,  1,100  lbs.  of  yarn  from  ITo.  12  to 
No.  13. 

Details  of  Power  consumed  in  spinning  Wool, — One  winding 
machine  with  16  bobbins,  without  counting  the  power  expended 
in  the  transmission  of  the  motion,  requires  to  drive  it  '259 
horse ;  3  winding  machines  with  64  bobbins  in  aU,  with  power 
lost  by  transmission,  1*427  horse;  one  mule  spinning  No.  6 warp 
yarn,  with  220  spindles,  making  3,650  revolutions  per  minute, 
•259  horse.  One  mule  called  *  Box-organ,'  spinning  No.  60  warp 
yarn  with  800  spindles,  making  3,200  revolutions  per  minute, 
requires  1*273  horse-power. 

Mill  for  spinning  Wool  and  weaving  Merinos. — ^Nineteen 
machines  to  prepare  the  combed  wool,  having  together  350 
rollers ;  16  mules  with  3,400  spindles ;  one  winding  machine  of 
60  rollers  to  prepare  the  warp;  2  warping  machines;  2  self- 
acting  feeders;  100  power-looms;  2  lathes  for  wood  and  iron, 
and  1  pump,  require  in  all  30  horse-power.  Produce :  13,600 
cops  of  woollen  thread,  of  45  cops  to  the  lb.,  each  measuring 
792  yards.  The  looms  make  115  revolutions  per  minute,  and 
produce  daily  4  pieces  of  double- width  merino  of  68  yards  each, 
and  4  pieces  of  simple  merino  of  1*2  to  1*4  yard  broad,  and  each 
88  yards  long. 

Fulling  Mill—In  fulling  the  cloths  called  ^Beauchamps,' 
each  piece  being  220  yards  long,  and  "66  yard  wide,  and  weigh- 
ing from  121  to  127  lbs.,  the  fuller  making  100  to  120  strokes 
per  minute,  each  piece  requires  2  hours  to  fall  it,  and  the  expen- 
diture of  2  horse-power  during  that  time. 

Flax  Manufacture, — A  machine  for  retting  the  flax,  having 
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16  pairs  of  rollers  with  triangular  grooves,  requires  3*876  horse- 
power, and  the  heoMes  •057  horse-power. 

One  flj  breaking-card  12*59  inches  diameter  and  47*24  inches 
long,  making  915  revolutions  per  minute,  with  a  drum  of  42*12 
inches  diameter,  and  47*24  inches  long,  making  76  revolutions 
per  minute;  4  distributing  rollers,  having  a  diameter  of  4  inches 
and  a  length  of  47*24  inches,  making  880  revolutions  per  minute ; 
8  travellers,  5  inches  diameter  and  47*24  inches  long,  making  10 
turns  per  minute,  and  one  combing  cylinder  15  inches  diameter 
and  47*24  inches  long,  making  6  revolutions  per  minute,  require 
together  1*989  horse-power,  and  produce  17  lbs,  of  carded  flax 
per  hour. 

One  finishing  carding  cylinder,  40  inches  diameter  and  47*24 
inches  long,  making  176  revolutions  per  minute ;  5  distributing 
rollers,  4  inches  diameter,  making  28  revolutions  per  minute ; 
4  travellers,  5  inches  diameter,  making  7*8  revolutions  per  min- 
ute ;  1  combing  cylinder,  15  inches  diameter,  making  3*4  revolu- 
tions per  minute,  together  require  '811  horse-power,  and  produce 
8J  lbs.  of  carded  flax  per  hour. 

One  spinning-machine,  containing  182  spindles,  making  2,700 
revolutions  per  minute,  spinning  yams  from  No.  7  to  No.  9,  re- 
quires 1*24  horse-power,  and  produces  3 J  lbs.  of  yam  per  hour. 
One  spinning-machine,  having  168  spindles,  making  2,700 
revolutions  per  minute,  and  producing  3  lbs.  of  No.  18  to  24 
yam  per  hour,  requires  1*96  horse-power. 

Wet  spinning  of  flax :  one  drawing-frame  drawing  a  sliver 
for  No.  20  yam,  requires  '493  horse;  drawing-frame  drawing 
sliver  for  No.  50  yam,  requires  "487  horse ;  drawing-frame  draw- 
ing sliver  for  No.  70  yam,  requires  "495  horse. 

Second  drawing-frame,  drawing  two  slivers  for  yams  Nos. 
20  and  30,  requires  *68  horse ;  second  drawing-frame,  drawing 
two  slivers  for  yams  Nos.  80  and  40,  requires  '544  horse ;  second 
drawing-frame,  drawing  one  sliver  for  No.  60  yam  and  one  for 
No.  70,  requires  *  61 T  horse. 

Third  drawing-frame,  d'rawing  two  slivers  for  yams  Nos.  30 
to  60,  requires  *69  borse. 

Boving-frame  of  8  spindles,  preparing  the  flax  for  yam  No. 
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20,  requires  '608  horse;  roviag-frame  of  8  spindles,  preparing 
the  flax  for  No.  80  yarn,  requires  *486  horse;  frame  of  16  spin- 
dles, preparing  the  flax  for  No.  40  jam,  requires  *98T  horse- 
power. 

Pa^er  Manvfacture, — ^In  some  cases  the  pnlp,  or  stuff  of 
which  paper  is  made,  is  obtained  by  beating  the  rags  by  stamp- 
ers; but  more  generally  it  is  produced  by  placing  the  rags  be- 
tween revolving  cylinders  stuck  foil  of  knives.  When  produced 
by  stampers,  the  proportions  of  the  apparatus  are  as  fdlows: 
weight  of  stampers^  220  lbs. ;  distance  of  the  centre  of  gravis 
from  the  axis  of  rotation,  4  feet ;  rise  of  the  centre  of  gravity 
each  stroke,  3^  inches;  number  of  stampers,  16;  number  of 
lifts  of  each  stamper  per  minute,  55 ;  weight  of  rags  pounded  in 
12  hours  by  each  stamper,  38  lbs. ;  weight  of  stuff  produced  in 
12  hours  by  each  stamper,  122  lbs. ;  power  consumed,  2*71iorse6. 

Ohopping-cylinders,  for  preparing  the  pulp :  number  of  cyl- 
inders working,  2 ;  number  of  turns  of  cylinders  per  minute, 
220 ;  weight  of  rags  chopped  and  purified  in  12  hours,  528  lb&; 
power  consumed,  4*48  horses. 

In  another  instance,  10  cylinders  for  preparing  the  pnlp, 
making  200  revolutions  per  minute,  1  paper-making  machine, 
cutting-machines,  pump,  and  accessories,  consumed  50-hor8e 
power.  The  machine  made  13  yards  of  paper  per  minute,  and 
the  produce  was  1  ton  of  printing  paper  per  day  of  24  Lours. 

In  another  instance,  28  pulping-cylinders,  and  3  paper-mak- 
ing machines  produced  2  to  3  tons  of  paper  per  day  of  24  Lours, 
and  consumed  113  horse-power. 

Printing  Machinery, — Printing  large  numbers  is  now  per- 
formed by  cylindrical  stereotype  plates,  revolving  continuously; 
and  the  *  Tunes '  and  other  newspapers  of  large  circulation  are 
thus  printed.  The  impressions  are  taken  from  the  types  in 
papier  mache,  and  in  twenty  minutes  a  large  stereotype  plate 
is  ready  to  be  worked  from.  The  power  required  to  drive 
this  machine  varies  with  the  number  of  impressions  required  in 
the  hour.  For  6,000  impressions  per  hour,  the  power  required 
is  3-75  horses;  for  6,000  impressions,  4*77  horses;  7,000 impres- 
sions, 5-9  horses;  8,000  impressions,  7*03 horses;  9,000  impres- 
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lEdons,  8*75  horses ;  and  10,000  impressions,  10*85  horses.  The 
piq>er  should  he  supplied  to  such  machines  in  a  continuous  weh, 
with  a  cutter  to  cut  off  the  sheets  at  the  proper  intervals,  and  a 
steam  cylinder  to  dry  and  press  them.  But  this  has  not  yet 
been  done.  The  machine  could  also  he  easily  made  to  perforate 
the  paper  along  the  edges  of  the  leaves,  and  to  fold  each  paper 
up  and  put  a  printed  and  stamped  paper  envelope  around  it,  so 
as -to  be  ready  at  once  to  put  into  the  post-ofSce  or  to  distribute 
by  hand.  The  most  expeditious  mode  of  stereotyping  would 
be  to  use  steel  types  set  on  a  cylinder,  against  which  another 
cylinder  of  type-metal  is  pressed,  and  the  paper  would  then  be 
printed  in  the  same  manner  as  calico. 

Olcm  WorTcs. — Mill  to  grind  red  lead :  to  grind  8  tons,  the 
vertical  arbor  requires  to  make  for  the  first  ton  20  revolutions 
per  minute,  for  the  second  25,  and  for  the  third  40,  consuming 
6*28  horse-power.  Vertical  millstones,  to  grind  clay  and  broken 
oracibies ;  diameter  of  the  granite  stones  or  runners,  8'T  feet ; 
liiickness,  1*4  foot;  weight,  1  ton;  distance  of  edge  runners 
from  central  spindle,  4  feet ;  number  of  turns  of  the  arbor  per 
minute,  7i^;  power  consumed  1*92  horse.  In  the  12  hours  6  or 
8  charges  of  about  800  lbs.  each  of  old  glass  pots  are  ground, 
and  about  3  tons  of  dry  clay.  Wheels  for  cutting  the  glass,  170 ; 
lathes  for  preparing  the  cutting  wheels,  5 ;  lathes  for  metal,  2 ; 
power  consumed,  17'9  horses;  wheels  driven  by  each  horse- 
power, 9*5. 

Iron-  WorJcs. — The  weekly  yield  of  each  smelting  furnace  in 
Wales  is  from  100  to  120  tons ;  pressure  of  blast,  2  J  to  3  lbs.  per 
square  inch ;  temperature  of  the  blast,  600°  Fahr. ;  yield  weekly 
of  each  refining-fumace,  80  to  100  tons ;  of  each  puddling-ftimace, 
18  tons ;  of  each  balling-fumace  for  bars,  30  tons;  of  each  ball- 
ing-fomace  for  rails,  80  tons ;  iron  rolled  weekly  by  puddle  rolls, 
800  tons ;  by  rail  rolls,  600  tons ;  power  required  to  work  each 
train  of  rail  roUs,  250  horses ;  to  work  puddle  rolls  and  squeezer, 
80  horses;  small  bar  train,  60  horses;  pumping  air  into  each 
blast-furnace,  60  horses;  into  each  refining-furnace,  26  horses; 
rail  saw,  12  horses. 

Weaving  "by  compressed  air. — ^In  common  power-looms,  the 
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shnttle  is  driven  backward  and  forward  by  a  lever  which  imi- 
tates the  action  of  the  arm  in  the  hand-loom.  But  it  has  long 
been  obvions  to  myself  and  others  that  it  might  be  shot  back- 
ward and  forward  hke  a  ball  oat  of  a  gnn,  by  means  of  com- 
pressed air.  This  innovation  has  now  been  practically  carried 
ont.  Bat  the  benefits  derivable  from  the  practice  have  been 
mnch  exaggerated,  and  a  mnch  more  comprehensive  improve- 
ment than  this  is  now  required.  Indeed,  reciprocating  looms  of 
all  kinds  are  faulty,  as  they  make  much  noise,  oonsnme  mnch 
power,  do  little  work,  and  cannot  be  driven  very  fast ;  and  the 
proper  remedy  lies  in  the  adoption  of  a  circnlar  loom  in  which 
the  cloth  will  be  woven  in  a  pipe,  and  in  which  many  threads 
of  weft  will  be  fed  in  at  the  same  time. 

Gi/rcular  Loom. — The  obvious  diflBcnlty  in  a  circular  loom,  is 
to  drive  the  shuttle  round  continuously  within  the  walls  formed 
by  the  warp.  One  mode  of  driving  proposed  by  me,  is  by  mag^ 
nets  or  other  suitable  form  of  electro-motive  machine,  which 
does  not  require  contact ;  and  the  shuttle  should  be  a  circular 
ring,  with  many  cops  placed  in  it,  so  that  many  threads  might 
be  woven  in  at  once.  The  desideratum,  however,  is  to  weave  a 
vertical  pipe  with  the  bobbins  of  the  weft  in  the  centre  of  the 
circle ;  and  this  may  be  done  by  depositing  the  thread  between 
metallic  points,  like  circular  heckles,  which  points  will  change 
their  positions  inward  or  outward  at  each  time  a  thread  is  de- 
posited.   These  points  would  conduct  the  threads  of  the  warp. 


CHAPTER  VH 

STEAM  NAViaATION. 

Steam  navigation  embraces  two  main  topics  of  enqairy : — 
the  first,  what  the  configuration  of  a  vessel  shall  be  to  pass 
throngb  the  water  at  any  desired  speed  with  the  least  resist- 
ance ;  and  the  second,  what  shall  be  the  construction  of  ma- 
chinery that  shall  generate  and  utilise  the  propelling  power 
with  the  greatest  efficiency.  The  second  topic  has,  in  most  of 
its  det£dls,  been  already  discussed  in  the  preceding  pages ;  and  it 
will  now  be  proper  to  offer  some  remarks  on  the  remaining 
portion  of  the  subject. 

The  resistance  of  vessels  passing  through  the  water  is  made 
up  of  two  parts : — the  one,  which  is  called  the  bow  and  stem 
resistance,  being  caused  partly  by  the  hydrostatic  pressure  forc- 
ing back  the  vessel,  arising  from  the  difference  of  level  between 
the  bow  and  stem,  and  partly  by  the  power  consumed  in  blunt 
bows  in  giving  a  direct  impulse  to  the  water ;  while  the  other 
part  of  the  resistance,  and  the  most  important  part,  is  that  due 
to  the  friction  of  the  water  on  the  sides  and  bottom  of  the  ship. 
The  bow  and  stem  resistance  may  be  reduced  to  any  desired 
extent  by  making  the  ends  sharper.  But  the  friction  of  the  bot- 
tom cannot  be  got  rid  of,  or  be  materially  reduced,  by  any  means 
yet  discovered. 

When  a  vessel  is  propelled  through  water,  the  water  at  the 
bow  has  to  be  moved  aside  to  enable  the  vessel  to  pass ;  and  the 
velocity  with  which  the  water  is  moved  sideways  will  depend 
npon  the  angle  of  the  bow  and  the  speed  of  the  vessel.    When 
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these  elements  are  known  it  is  easy  to  tell  with  what  velocity 
the  water  will  be  moved  aside ;  and  when  we  know  the  velocity 
with  which  the  water  is  moved,  we  can  easily  tell  the  power 
consumed  in  moving  it,  which  power  will,  in  fact,  be  the  weight 
of  the  water  moved  per  minute  multiplied  by  the  height  from 
which  a  body  must  fall  by  gravity  to  acquire  the  same  velocity. 
But  as  nearly  all  the  power  thus  consumed  in  moving  aside  the 
water  at  the  bow  of  a  vessel  is  afterwards  recovered  at  the  stern 
by  the  closing  in  of  the  water  upon  the  run,  it  is  needless  to  go 
into  this  investigation  farther  than  to  determine  what  amoont 
of  power  is  wasted  by  the  operation,  or  in  other  words,  what 
amount  of  power  is  expended  that  is  not  afterwards  recovered. 

If  the  vessel  to  be  propelled  is  of  a  proper  form,  each  particle 
of  water  will  be  moved  sideways  by  the  bow,  in  the  same  man- 
ner as  the  ball  of  a  pendulum  is  moved  sideways  by  gravity,  so 
as  to  enable  the  vessel  to  pass ;  and  when  the  broadest  part  of 
the  vessel  has  passed  through  the  channel  thus  created,  each 
particle  of  water  will  swing  backward  again  until  it  comes  to 
rest  at  the  stem.  There  will  be  no  waste  of  power  in  this 
operation,  except  that  incident  to  the  Mction  of  the  moving 
water ;  just  as  in  the  swinging  of  a  pendulum  there  is  no  expen- 
diture of  power  beyond  that  which  is  necessary  to  overcome 
the  friction  of  the  air  upon  the  moving  ball.  But  as  the  move- 
ment of  the  vessel,  however  well  she  may  be  formed,  will  som^ 
what  raise  the  water  at  the  bow,  and  somewhat  depress  the 
water  at  the  stern,  there  will  be  a  certain  hydrostatic  pressure 
required  to  be  continually  overcome  as  the  vessel  advances  in 
her  course,  which  opposition  constitutes  the  bow  and  stem  re- 
sistance ;  and  this,  with  the  friction  of  the  bottom,  make  up  the 
whole  resistance  of  the  ship.  Before,  however,  proceeding  to 
investigate  the  amount  of  this  hydrostatic  resistance,  it  will  he 
proper  to  show  how  accidental  sources  of  loss  may  be  elim- 
inated from  the  problem  by  the  introduction  of  that  particular 
form  of  vessel  which  will  make  this  resistance  a  minimum ;  and 
I  will  therefore  first  proceed  to  indicate  in  what  way  such  form 
of  vessel  may  be  obtained. 

If  we  take  a  short  log  of  wood,  such  as  is  shown  by  the 
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dotted  lines  abodbto^ui  the  annexed  figure  (Sg.  41),  and  if 
ire  proceed  to  enquire  in  what  way  we  shall  mould  this  log  into 
a  model  which  ahall  offer  the  least  poanble  hydroatatio  resiat- 
cnoe  in  being  drawn  tJuoagh  the  water,  we  have  the  following 
oonsiderBtioiiB  to  guide  ns  in  arriving  at  the  demred  knowledge ; 
We  shall,  for  the  sake  of  simplification,  enppoae  that  the  cross 
aeedon  of  the  completed  model  is  to  be  reotangalar,  or  in  other 
words,  that  the  model  is  to  have  vertical  sides  and  a  flat  bottom ; 
for  aLthoQgh  this  is  not  the  best  form  of  cross  section,  as  I  shall 

Fig.  11 


/x 


Afterwords  show,  the  snppofdtion  of  its  adoption  in  this  ease  will 
abaplilj  the  reqnired  explanations. 

We  first  draw  a  centre  line  x  y  longitndinallf  along  the  top 
of  yie  model  from  end  to  end,  and  continue  the  line  vertically 
downward  at  the  ends  as  at  y  «,  which  vertical  lines  will  form 
the  stem  and  stran  post  of  the  model.  At  right  angles  to  the 
first  line,  and  at  the  middle  of  the  length  of  the  model,  we  draw 
the  line  a,  which  answers  to  the  midship  frame ;  and  midway 
between  a  and  the  ends  we  draw  other  two  lines  A  i.  We  may 
afterwards  draw  any  convenient  number  of  squi-distaut  cross- 
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lines,  or  ordinates,  as  they  are  termed,  that  we  find  to  be  conven- 
ient. Now  as,  by  the  conditions  of  the  problem,  the  partides 
of  water  have  to  swing  sideways  like  a  pendnlnm,  in  order  that 
the  resistance  may  be  a  minimnm,  the  parlide  which  encounters 
the  stem  at  x  mnst  be  moved  sideways  very  slowly  at  first,  like  a 
heavy  body  moved  by  gravity,  bnt  gradually  accelerating  until 
it  arrives  at  &,  midway  between  x  and  a,  where  its  velocity  wiD 
be  greatest ;  and  this  point  answers  to  the  position  of  the  ball 
of  the  pendulum  when  it  has  reached  the  bottom  of  the  arc,  and 
has  consequently  attained  its  greatest  velocity.  Thereafter  tie 
motion,  which  before  was  continually  accelerated,  must  be  nov 
continually  retarded,  as  it  is  in  any  pendulum  that  is  ascending 
the  arc  in  which  it  beats,  or  in  any  ball  which  is  projected  up- 
wards into  the  air  against  the  force  of  gravity.  When  the  par- 
ticle of  water  has  attained  the  position  on  the  side  of  the  model 
which  is  opposite  to  the  midship  frame  a,  it  will  have  come  to 
rest,  this  being  the  point  answering  to  the  position  of  the  pen- 
dulum at  the  top  of  its  arc,  and  when  just  about  to  make  the 
return  beat.  Thereafter  the  particle  which  was  before  moved 
outwards,  will  now  move  inward  with  a  velocity,  slow  at  first, 
but  continually  accelerating,  until  it  attains  the  position  on  the 
side  of  the  model  which  is  opposite  to  the  frame  &,  when  the 
velocity  again  begins  to  diminish ;  and  the  particle  finally  comes 
to  rest  at  the  stem.  A  particle  of  water  that  is  moved  in  this 
way  will  be  moved  with  the  minimum  of  resistance;  for  since 
it  retains  none  of  tie  motion  in  it  that  has  been  imparted,  but 
surrenders  the  whole  gradually  without  impact  or  percussion, 
by  the  time  it  has  come  finally  to  rest,  there  can  be  no  power 
consumed  in  moving  it  except  that  due  to  friction  only.  Wher- 
ever the  water  is  not  moved  in  this  manner  it  will  either  retain 
some  of  the  motion,  which  implies  a  corresponding  waste  of 
power,  or  heat  will  be  generated  by  impact,  which  also  involves 
a  corresponding  waste  of  power.  That  the  water  may  be  moved 
in  the  same  manner  as  a  pendulum  is  moved,  is  obviously  poasi- 
bio,  by  giving  the  proper  configuration  to  the  sides  of  the 
model ;  and  in  fact,  if  an  endless  sheet  of  paper  be  made  to 
travel  vertically  behind  a  pendulum,  with  a  pencil  or  paint 
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brash  stock  in  the  ball,  the  proper  form  for  the  ride  of  the 
model  Trill  he  marked  upon  the  paper.  The  cnrre,  however, 
which  ia  a  pHnibolio  ooe,  may  be  described  geometricallf  as 
foUowa : — 

If  we  compute  the  height  through  which  a  heavj  body  falls 
bj  gravity  in  any  given  number  of  seconds,  we  shall  find  that  in 
the 'first  quarter  of  a  second  it  will  have  fallen  thronghlj-^foot, 
in  the  second  qnorter  of  a  second  8,*,  feet,  in  the  tiiird  9J,  in  the 
fourth  16j'j,  m  the  fifth  SByVsi  »  the  sixth  39^,  in  the  seventh 
iS-ffii,  in  the  eighth  S4^,  in  the  ninth  SIJJ,  and  in  the  tenth 
qoarter  of  a  second  100}$.  The  height  fallen  throngh,  there- 
fore, or  the  space  desoribod  by  a  falling  body  in  a  pven  time, 
Fig.*3. 
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variea  as  the  square  of  the  time  of  felling;  and  any  body  which 
la  to  bfl  moved  in  the  same  manner  as  a  felling  body  is  moved  by 
parity,  mnst  have  the  motion  imparted  to  it  gradually  at  the 
sme  rata  of  progression.  If^  then,  we  draw  a  line,  z  y  in  fig, 
4S,  and  which  line  we  may  suppose  to  be  the  vertical  plane  of  the 
keel,  then  if  we  form  the  parallelogram  a  b  o  n,  with  the  line  z  y 
pawing  throngh  the  middle  of  it,  and  make  this  parallelogram  oae- 
fbnrth  of  the  length  of  the  vessel  and  half  the  breadth,  and  diride 
flie  line  x  y  into  any  number  of  convenient  parts  or  ordinates, 
1^  10,  by  the  vertical  co-ordinates  numbered  irom  1  to  10,  then 
if  we  oanse  the  lengths  of  these  snocesrive  and  equidistant  co- 
ctdiuates,  measuring  from  the  line  x  y,  to  follow  the  same  law 
of  inorease  that  answers  to  the  height  throngh  which  a  body 
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falls  by  gravity  in  saccessive  and  eqnal  portions  of  time,  a  line  < 
traced  through  the  ends  of  these  different  lines  will  ^ve  tiie 
right  form  for  the  side  of  a  vessel  to  have,  in  order  that  it  maj 
move  the  water  sideways,  in  the  same  manner,  or  according  to 
the  same  law,  by  which  a  heavy  body  falls  vertically  by  gravity; 
and  consequently  such  line  is  the  proper  water-line  of  a  ship  foim- 
ed  under  the  conditions  supposed,  in  order  that  it  may  have  a 
minimum  resistance.  The  heights  of  the  several  vertical  ordi- 
nates — which  are  drawn  on  a  different  scale  from  the  lengths, 
marked  on  the  line  x  y,  are — 1,  4,  9,  16,  26,  36,  49,  64,  81,  and 
100,  which,  it  will  be  seen,  are  the  squares  of  the  horizontal 
ordinates  1,  2,  8,  4,  5,  6,  Y,  8,  9,  and  10 ;  and  the  scale  bj  j 
which  these  vertical  ordinates  are  measured  is  formed  by  divid- 
ing the  distance  y  d,  which  represents  one-fourth  of  the  breadth 
of  the  vessel,  into  100  equal  parts.  The  ordinate  y  d  is  therefore 
equal  to  100  of  those  parts,  the  next  ordinate  to  81  of  them,  the 
next  to  64  of  them,  and  so  on,  until  the  height  vanishes  at  x 
altogether.  We  might  have  divided  the  line  x  y  into  nine  equal 
parts,  or  into  8,  or  7,  or  any  other  convenient  number.  In  snch 
case  the  vertical  line  y  d  would  have  to  be  divided  into  81  equal 
parts  to  obtain  the  vertical  scale,  or  into  64,  or  into  49,  according 
as  9,  8,  or  7  had  been  the  number  selected ;  but  the  number  of  parts 
into  which  y  d  is  divided  must  always  be  equal  to  the  square  of 
the  number  of  ordinates,  or  the  square  of  the  number  of  parts 
into  which  the  horizontal  line  is  divided.  As  it  is  difficult  to 
measure  the  hundredth  part  of  such  a  small  length  as  y  o^  ve 
may  call  the  number  of  parts  10  instead  of  100,  in  which  cass 
the  length  of  the  next  ordinate  will  be  8*1,  of  the  next  6*4,  of  ti* 
next  4*9,  and  so  on — ^the  whole  of  the  squares  being  divided  by  lOj 
which  proceeding  will  in  no  way  affect  the  result,  as,  in  pointrf 
fact,  the  difference  is  only  much  the  same  thing  as  if  we  meiS' 
ured  in  inches  instead  of  in  feet.  1^ 

In  the  figure,  a?  y  is  five  times  longer  than  y  d,  and  xyt^ 
resents  one-fourth  of  the  length  of  the  vessel,  and  y  d  one-foaA 
of  the  breadth.  The  curved  line  x  d  represents  the  proper  fd* 
of  the  water-line  of  the  front  half  of  the  fore  body  in  the  caaerf 
a  vessel  of  these  proportions,  and  with  a  rectangular  oro68-6i^ 
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ion.  The  water-line  of  the  second  half  of  the  fore  hodj  is 
brmed  by  repeating  the  same  curve,  but  invertod  and  reversed. 
his  will  be  made  obvious  by  an  inspection  of  fig.  43,  where  the 
int  half  of  the  fore  body  is  repeated  on  a  smaller  scale ;  and  the 
eoond  portion  of  the  fore  body  is  added  thereto,  thus  continuing 
he  water-line  to  the  midship  frame  a  a.  Here  the  rectangle 
imolofling  the  water-line  of  the  first  half  of  the  vessel  is  shown  in 
lotted  lines,  as  is  also  the  rectangle  enclosing  the  water-line  of 
Iih6  first  half  of  the  fore  body ;  and  it  is  plain  that  the  shaded 
i^Boe  ad\a  the  exact  duplicate  of  the  shaded  space  x  d\90  that 
if  the  figure  x  d  has  been  obtftined,  we  may  obtain  the  figure  d  a 
\fj  cutting  out  of  the  paper  the  figure  x  dy  inverting  it  and  re- 
Fig.  48. 


Tening  it,  so  that  the  line  x  d  shall  coincide  with  the  line  d  a,  and 
the  point  x  with  the  point  a ;  or  the  figure  d  a  may  be  oon- 
strooted  by  co-ordinates  in  exactly  the  same  manner  as  the  figure 
xd.  If  the  vertical  sides  of  the  vessel  be  formed  with  the  curve 
flhown  by  the  curve  line  x  a,  then  it  will  follow  that  a  particle 
of  water  encounteriug  the  stem  at  x,  will  be  moved  aside  slowly 
at  first,  and  with  a  rate  continually  increasing,  like  a  body  falling 
by  gravity,  until  the  frame  &  lying  midway  between  the  stem  and 
the  midship  frame  is  reached,  at  which  point  the  water  will  be 
moving  sideways  with  its  greatest  velocity.  Thereafter  the  vessel 
will  not  move  the  water,  but  merely  follow  up  the  motion  already 
given  to  it,  and  as  the  water,  when  no  longer  impelled  sideways 
by  the  vessel,  will  move  slower  and  slower,  and  gradually  come  to 
rest,  so  the  vessel  will  have  less  and  less  following  up  to  do,  until 
at  the  midship  frame  a  a,  the  side  motion  of  the  water  ceases 
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altogether.  Thereafter  the  water  begins  to  move  in  the  opposite 
direction  to  fill  np  the  vacmty  at  the  stern  left  hy  the  progress 
of  the  vessel.  The  water  gravitates  into  the  mn  slowly  at  first, 
and  the  velocity  increases  nntil  the  point  midway  between  the 
midship  frame  and  the  stem  is  attained,  at  which  point  the  ve- 
locity is  greatest ;  and  from  thence  the  velocity  of  the  ^jAter, 
flowing  inward,  continnally  diminishes,  nntil  it  comes  to  rest  at 
the  stem.  » 

A  rectangular  box,  snch  as  that  shown  by  the  dotted  lines 
A  B  0  D  E  F  o,  fig.  41,  into  which  the  model  exactly  fits,  is  called 
its  circumscribing  parallelepiped ;  and  it  will  be  at  once  appa^ 
ent,  on  a  reference  to  fig.  41,  that  the  bnlk  or  capacity  of  the 
model  is  exactly  one-half  of  its  circmnscribing  parallelepiped. 
The  rectangle  x  dis  equal  to  the  rectangle  d  y^  and  the  shaded 
space  X  d  being  equal  to  the  shaded  space  d  a,  the  area  included 
between  the  water-line  and  the  vertical  plane  of  the  keel,  namely, 
the  area  xy  a^\&  clearly  equal  to  the  rectangle  d  dy  a.  But  that 
rectangle,  and  the  rectangle  standing  beneath  it,  are  equal  to  the 
whole  area  within  the  water-line  of  the  fore  body,  and  two 
similar  rectangles  are  equal  to  the  area  within  the  water-line  of 
the  after  body.  As  these  four  rectangles  form  just  half  the  area 
of  the  circumscribing  parallelogram,  the  total  area  within  the 
water-line  is  equal  to  half  the  area  of  the  circumscribing  parallel- 
ogram. But  the  area  multiplied  by  the  depth  gives  the  capacity, 
and  as  the  depth  of  the  model  is  the  same  as  that  of  the' box,  or 
circumscribing  parallelepiped,  while  the  area  of  the  circumscrib- 
ing parallelogram  is  twice  that  of  the  area  of  the  figure  within 
the  water  line,  it  follows  that  the  volume  or  bulk  of  the  model  is 
just  one-half  of  the  circumscribing  parallelepiped.  This  forms  a 
measure  of  sharpness  which  in  no  case  it  is  useful  to  exceed,  if 
the  section  be  made  rectangular,  or,  in  other  words,  if  the  vessel 
be  built  with  a  flat  bottom  and  vertical  sides.  But  if  the  vessel 
be  built  with  a  rising  floor  the  efiect  is  equivalent  to  a  reduction 
of  the  breadth,  and  the  circumscribing  parallelepiped  would,  in 
such  case,  be  that  answering  to  the  equivalent  breadth.  What- 
ever be  the  form  of  the  cross-section,  however,  the  sectional  arei 
at  each  successive  frame  should  be  equal  to  that  of  a  vessel  with 
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a  reotangolar  section  having  water-lises  formed  on  the  principle 
which  has  been  here  explained.  There  are  other  cnrves,  no 
doabt,  which  eqoallj  with  that  described  by  a  pendulnm  fulfil  the 
indication  of  beginning  and  terminating  the  motion  gradually  so 
as  to  involve  no  loss  of  power,  and  any  of  these  curves  are  eligi- 
ble as  the  water-line  of  a  ship.  But  the  pendulum  curve  is  the 
most  readily  nnderstood,  and  the  most  conveniently  applicable 
to  practical  uses,  while  it  perfectly  fulfis  the  required  indica- 
tions. If  in  any  intended  vessel  we  have  a  given  form  of  cross- 
aection,  and  a  given  ratio  of  length  to  breadth,  we  can  easily 
determine  the  proper  water-lines  of  such  a  vessel  by  taking  the 
of  a  hypothetical  vessel  of  rectangular  cross-section  having 

Fig.  44. 


the  same  area  of  midship-section,  and  by  forming  the  water-lines 
for  this  hypothetical  vessel  on  the  principle  already  explained. 
The  area  of  cross-section  at  each  successive  frame  of  this  hypo- 
thetical vessel,  will  be  the  proper  area  at  each  successive  frame 
of  the  intended  vesseL  It  is  obvious  that,  according  to  the  prin- 
dple  here  unfolded,  the  form  of  water-line  must  vary  with 
every  alteration  of  the  cross -section ;  and  in  some  cases,  although 
the  same  rate  of  displacement  as  that  already  indicated  is  pre- 
served, the  water-lines  will  cease  to  be  hollow  at  any  part.  Thus 
the  cylindrical  solid,  with  pointed  ends,  shown  in  ^g,  44,  is  virtu- 
ally of  the  same  form  as  that  represented  in  fig.  41,  since  the 
area  of  each  successive  circular  cross-section  is  the  same  as 
those  of  each  rectangular  cross-section  in  fig.  41.     This  solid  is 
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supposed  to  be  wholly  immersed.  It  has,  in  some  oases,  been 
made  an  objection  to  the  use  of  hollow  water-lines  for  ships,  that 
in  the  case  of  fishes,  however  fast  swimming,  no  hollow  lines  are 
to  be  found  in  them.  Fig.  44,  however,  "which  resembles  the 
form  of  a  fish,  shows  that  fishes  form  no  exception  to  the  appli- 
cation of  the  law  of  progressive  parabolic  displacement  already 
explained ;  and  if  a  fast-swimming  fish  be  cut  across  at  equal 
distances,  and  the  areas  of  these  sections  be  computed  and  laid 
down  with  a  rectangular  outline  of  uniform  depth,  it  wUl  be 
found  that  the  skin  or  covering  placed  over  the  ends  of  these 
sections  or  frames  will  assume  the  very  form  which  has  been  de- 
lineated in  the  foregoing  figures  as  that  proper  for  a  solid  in- 
tended to  pass  through  the  water  with  the  least  amount  of  hydro- 
static resistance. 

In  fig.  44,  ir  y  is  the  axis  of  the  pointed  cylindrical  solid;  and 
a  is  the  circle  or  section  which  answers  to  the  midship  fi'ame, 
and  1 1  the  sections  answering  to  the  frames  lying  midway  be- 
tween the  centre  frame  and  the  ends.  The  other  lines  corre- 
sponding to  those  marked  on  the  model  shown  in  fig.  41,  and  the 
area  of  each  successive  circle  is  equal  to  the  area  of  each  successive 
rectangular  section  of  the  model  delineated  in  ^q.  41.  The 
water  consequently  will  be  displaced  at  the  same  rate  by  one 
solid  as  by  the  other.  For  actual  vessels,  with  rounded  bilges 
and  more  or  less  rise  of  floor,  the  form  of  the  water-lines  will 
be  neither  that  shown  in  fig.  41  nor  fig.  44,  but  will  be  some- 
thing intermediate  between  the  two;  but  such,  nevertheless, 
that  the  transverse  sectional  area  of  that  part  of  the  vessel 
beneath  the  water-line  shall  at  each  successive  frame  vary  in  the 
ratio  pointed  out. 

As  water  is  practically  incompressible  by  any  force  which  a 
ship  can  bring  to  bear  upon  it,  the  water  which  a  ship  displaces 
must  find  some  outlet  to  escape ;  and  it  will  escape  in  the  line 
of  least  resistance,  which  is  to  the  surface.  A  particle  of  water, 
therefore,  on  which  a  ship  impinges,  will  have  two  kinds  of  mo- 
tion— one  a  motion  outwards  and  inwards,  such  as  has  been 
already  described  as  resembling  the  motion  of  a  pendulum,  and 
the  other  a  motion  upwards  and  downwards,  caused  by  the  ne- 
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ucaulj  of  UiepartioleB'beoeath  Uke  mr&oe  ridn^f  np  tovards  the 
WBX&06  to  allow  tbe  vesBel  to  pass,  and  afterwards  of  dnkiog 
down  at  the  stern  to  fill  the  vacaity  which  the  progress  of  the 
TCMel  would  otherwise  ocoasioD.  Thb  last  motion  also  resem- 
Ues  that  of  a  pendolom,  the  particles  of  water  at  the  etem  rmag 
vp  nntil  thej  attain  th«ur  greatest  height  at  the  midship  frame, 
md  then  ag^  snhriding  towards  the  stem. 

It  is  not  difflcolt,  from  tbeee  considerations,  to  dednoe  (he 
oondndon.  that  the  form  of  Tesael  with  a  flat  floor  is  not  the  best 
which  oaa  be  adopted,  as  will  be  more  clearlj  understood  b;  a 
ze&renoe  to  fig.  4S,  where  the  reotangle  d  i  f  o,  represents  the 


a  beneath  the  water-line  of  a  flat-floored  vessel  at  the 
print  midwi^  between  the  etem  and  the  midship  frame,  while 
Hit  triangle  ABo.is  the  oross^eotion  of  a  sha^floored  vesMl 
■t  tlM  uaao  point,  and  with  the  same  sectional  area.  The 
drani^t  of  water  in  each  case  is  10  feet,  represented  by  the 
flgnres  1  to  10 ;  and  the  half  breadth  of  the  vessel  with  the 
reetaagnlar  croas-section  at  this  point  of  the  length  is  6  feet,  whioh 
also  ia  one-foorth  of  the  midship  breadth.  As  the  water  has  to 
be  set  back  from  the  line  of  the  stem  to  the  line  of  the  ride,  or 
in  the  case  of  the  flatr-floored  vessel,  throogh  a  distance  of  5  feet, 
we  may  rq>re8ent  the  power  consnmed  in  the  operation  by  S 
feet  multiplied  by  the  mean  h^drostatio  pressure  of  the  water  on 
each  square  foot.  The  meohanioal  power  reqaired  to  be  ez- 
18 
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pended  therefore  in  separating  the  water  in  the  two  sectionsvill 
be  as  follows : — 


5x1=5 

9x1=9 

5   X   2  =  10 

8   X   2  =  16 

6   X   8  =  16 

7  X   8  =  21 

5   X   4  =  20 

6   X  4  =  24 

5   X   6  =  26 

5   X   6  =  26 

5   X   6  =  80 

4   X   6  =  24 

6   X   'Z  =  86 

8   X  'Z  =  21 

5   X   8  =  40 

2   X  8  =  16 

6  X   9  =  45 

1x9=9 

5   xlO  =  60 

0  xlO  =    0 

275  165 

The  area  of   the  triangle  abo  being  equal  to  that  of  the 
rectangle  def  a,  the  weight  of  water  displaced  by  a  foot  in  the 
length  of  the  vessel  will  be  the  same  whichever  form  of  cross- 
section  is  adopted ;  and  as  the  areas  of  the  shaded  triangles  a  b  2 
and  B  D  a;,  olr  of  the  corresponding  triangles  bvx  and  o  a  a^  are  also 
the  same,  they  represent  eqnal  amounts  of  outward  motion  of 
the  water,  and  also  equal  amounts  of  displacement.    In  the  one 
case,  however,  this  motion  is  produced  against  a  much  greater 
hydrostatic  pressure  than  in  the  other  case ;  and  as  by  shifting 
the  triangle  bvx  into  the  position  o  o  x — whereby  we  enable  the 
vessel  to  move  outward  the  same  volume  of  water,  but  against  a 
less  hydrostatic  resistance — we  transform  the  rectangle  hbfo 
into  the  triangle  h  b  o,  it  follows  that  there  is  less  resistance 
caused  by  the  movement  of  the  water  in  the  case  of  triangular 
cross  sections  than  in  the  case  of  rectangular.    The  rubbing  sor- 
fiace  too  is  less  in  the  triangular  section.    By  the  principles  of 
geometry,  applicable  to  all  right-angled  triangles,*  (b  f)'*  +  (f  a)*= 

*  This  Is  proyed  by  the  47th  Proposition  of  the  first  book 

of  Eadid,  which  shows  that  tho  area  of  the  sqnam  described 

6       on  the  side  a  o,  opposite  to  the  right  angle  of  a  right-infl^ 

triangle  is  eqnal  to  the  sum  of  the  squares  described  on  ^ 

other  sides  a  b  and  b  o. 
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(Baj)'-  As  B  F  =  6  feet  and  p  x  also  =  5  feet,  then  (bf)'  =  25, 
and  (paj)«  =  25,  and  25  +  26  =  50,  consequentiy  b a?  =  V 50  =  7 
nearly.  The  length  of  the  immersed  triangolar  ontline  is  conse- 
quently 7  X  4  =  28  feet,  whereas  the  length  of  the  rectangular 
ontline  =  8  x  10  =  80  feet.  As  the  resistance  due  to  the  friction 
of  the  bottom  varies  as  the  quantity  of  rubbing  surface,  it  follows 
that,  as  regards  friction,  the  triangular  outline  is  also  the  more 
eligible.    Instead,  however,  of  a  simple  triangle,  it  is  preferable 

Pig.  46. 


ihat  the  cross-section  should  be  of  the  order  of  figure  indicated 
88  the  best  for  the  horizontal  water-lines;  and  the  same  con- 
siderations which  led  to  the  conclusion  that  this  form  would 
offer  the  least  resistance  in  the  case  of  a  body  moving  through 
stationary  water  lead  also  to  the  conclusion  that  it  will  offer  the 
least  resistance  to  water  moving  upwards  past  a  stationary  ob- 
ject— which  a  ship  may  be  supposed  to  be  relatively  to  the  plane 
in  which  she  floats.  Such  a  figure  is  represented  in  fig.  46,  in 
which  the  triangular  section  is  shown  in  dotted  lines,  and  the 
waving  lines  pass  alternately  without  and  within  the  dotted  hnes. 
The  cross-section  of  the  vessel  is  for  the  most  part  of  the  outline 
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a  semi-oirole  m  m  m — a  semidrole  being  the  fbrm  which  presents 
the  smallest  perimeter  relatively  with  the  immersed  sectional 
area;  but  the  triangnlar  portion  m  nis  added  both  to  preyenj; 
the  vessel  from  rolling  inoonveni^itlj,  and  to  bring  the  ontilne 
into  the  waving  curve  which  other  considerations  point  ouiBS 
the  most  eligible.  One  of  these  oonsideratLonSy  as  already  meiii- 
tioned,  is  that  it  best  fulfils  the  condition  of  beginning  the  Qp^ 
ward  displacement  slowly,  and  another  is  that  it  effects  the  least 
possible  alteration  in  the  shape  of  the  displaced  water.   In 

Kg.  47. 


1  y  !  / 


altering  the  form  of  a  liquid,  as  in  altering  the  form  of  a  Bolidf 
there  is  a  certain  expenditure  of  force ;  and  although  this  ex- 
penditure in  the  case  of  a  liquid  is  relatively  very  small,  it  is 
large  enough  to  be  worthy  of  attention  in  a  case  where  large 
amounts  are  consumed  in  giving  motion  to  water.  It  hence  he- 
comes  better,  since  the  displaced  fluids  must  assume  the  form  of 
a  wave,  to  effect  the  displacement  so  that  this  form  shall  be  at 
once  acquired,  instead  of  some  other  form  being  first  given  to  it 
which  is  subsequentiy  changed  by  the  action  of  other  forces. 
This  reasoning  will  be  better  understood  by  a  reference  to  fig. 
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47,  where  wi.  is  the  water-level,  m  n  the  oross-seotion  of  half  the 
vessel,  and  a  a  the  wave  which  would  be  raised  if  there  were 
no  outward  motion  of  the  water,  bnt  only  an  npward  motion. 
The  ontward  motion  rednces  the  altitnde  to  some  saoh  small 
elevation  as  a  a.  Nevertheless  it  is  advisable  that  the  outline  of 
tiie  wave  a  a  should  be  the  same  order  of  figure  as  the  outUne 
of  the  wave  a  a,  only  laterally  extended.  Buoh  indeed  is  the 
shape  it  will  necessarily  assume;  and  there  will  be  less  change 
of  shape  and  therefbre  less  motion  of  the  internal  particles,  if  the 
wave  aa\&  drawn  out  sideways  from  a  block  of  water  of  the 
form  A  A,  than  if  drawn  out  from  a  rectangular,  triangular,  or  any 
other  form  of  block.  The  dotted  Ihies  indicate  the  directions  in 
which  the  pressure  will  be  transmitted,  and  if  we  suppose  these 
lines  to  be  tubes,  it  will  be  obvious  that  the  surface  of  the  water 
in  these  tubes  will  only  conform  to  the  outline  of  a  wave,  if  the 
side  of  the  vessel  has  that  outline.  If  we  suppose  the  portions 
of  those  tubes  rising  above  the  water-line  to  be  very  much  en- 
larged, then  the  height  of  the  outline  will  fall  from  a  a  to  a  a, 
but  the  same  order  of  figure  will  still  be  preserved,  as  it  involves 
less  expenditure  of  power  to  give  this  form  at  once  than  to  give 
some  other  form  which  is  afterwards  reduced  by  the  action  of 
gravity  to  this  one,  so  on  this  ground  it  is  preferable  to  make 
the  oross-seotion  of  the  vessel  of  the  form  suggested.  Taking  all 
things  into  account,  a  curve  of  the  same  kind  that  has  been 
shown  to  be  the  beet  for  the  water-lines,  appears  to  be  also  the 
best  for  the  cross-section ;  and  the  same  ordinates  which  answer 
ft>r  the  water-lines  will  answer  for  the  cross-section,  only  in  the 
latter  case  the  ordinates  must  be  placed  closer  together.  I^  for 
example,  we  have  a  vessel  200  fact  long,  and  if  the  ordinates 
of  the  water-lines  be  5  feet  apart,  there  will  be  40  ordinates; 
and  if  the  vessel  be  supposed  to  draw  20  feet  of  water,  the  same 
ordinates  placed  6  inches  apart  will  give  the  proper  form  of  the 
cross-section  below  the  load  water-line.  The  nearer  the  form 
of  the  cross-section  approaches  to  a  semicircle  the  less  friction 
there  will  be  in  the  vessel ;  and  the  proportions  of  the  cross- 
section  should  in  all  cases,  where  practicable,  approach  to  the 
proportions  of  a  semidrde,  or  in  other  words  the  depth  below 
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the  water  should  be  a  little  more  than  half  the  breadth  at  the 
water-line. 

The  ascending  water  will  move  more  and  more  rapidly  as  it 
oomes  nearer  to  the  surface,  like  the  motion  of  a  falling  body  in- 
verted ;  and  its  momentnm  will  carry  it  above  the  surface  to  a 
height  eqnal  to  that  which  wonld  generate  the  velocity.  This 
motion  of  the  water  above  the  surface  constitutes  the  second 
half  of  the  beat  of  the  pendulum  which  each  ascending  partide 
maybe  supposed  to  be — the  motion  of  the  particle  from  the  ked 
to  the  water-line  being  the  first  half  of  such  beat.  But  as,  after 
passing  the  surface  of  the  water,  the  particle  has  to  encounter 
more  of  the  power  of  gravity,  whereas  below  the  water  line  it  is 
floated  by  the  other  contiguous  particles,  it  will  follow  that  the 

Fig.  49. 


motion  of  the  particle  above  the  surface  will  be  smaller  in  the 
proportion  of  the  greater  retarding  force  it  there  has  to  encoun- 
ter. This  action  will  be  better  understood  by  a  reference  to 
tg,  48,  where  the  parallelogram  a  b  c  d  is  supposed  to  be  the 
side  of  a  ship,  w  l  is  the  surface  of  the  water  in  which  the  ship 
swims,  and  the  vertical  dotted  line  at  a  shows  the  position  of  the 
midship  frame.  If  we  suppose  a  particle  of  water  to  be  situated 
at  aj  a  little  below  the  water-level  at  the  bow,  then  as  the  vessel 
moves  onward  in  the  direction  of  the  arrow,  such  particle  will 
be  moved  upwards  faster  and  faster,  until  midway  between  the 
bow  and  the  midship  frame,  where  its  velocity  upwards  is  great- 
est, it  will  rise  above  the  surface  of  the  water  w  l,  and  its  own 
momentum  and  that  of  other  ascending  x)article8  will  carry  it 
upwards  until  it  reaches  the  position  of  the  midship  frame,  when 
it  will  begin  to  sink,  until  at  y  it  reaches  the  same  level  from 
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whioli  it  rose.  The  sorfaoe  partioles,  no  doubt,  which  tenninate 
their  motion  at  y,  begin  it  at  w  and  not  at  x,  and  to  this  oircom- 
stance  we  may  trace  the  origin  of  the  hydrostatic  resistance  of 
the  bow.  The  depression  at  y  will  be  as  great  below  the  mean 
water-level  w  l  as  the  elevation  at  a  is  above  it ;  and  if  the  snr- 
&ce  of  the  water  at  the  stem  stood  at  x  instead  of  at  w,  the  fore- 
bod  j  would  be  in  equilibrium,  seeiag  that  the  depression  txw 
would  suck  the  vessel  forward  as  much,  or  nearly  so,  as  the  pro- 
tuberance from  ^  to  a  would  impede  it.  As  the  hydrostatic 
pressure  from  a  to  «  pushes  the  vessel  forward  as  much  as  the 
depression  from  a  toy  holds  it  back,  the  two  portions  of  the  after 
body  win  be  in  equilibrium ;  and  the  whole  moving  vessel  would 
be  in  equilibrium  if  the  surface  of  the  water  at  the  stem  stood  at 
X  instead  of  at  w.  As,  however,  the  water  stands  higher  at  the 
stem  than  at  the  stem,  there  will  be  a  hydrostatic  resistance  to 
be  encountered  which  is  equal  to  the  height  of  the  wave  midway 
between  a  and  w,  which  will  be  j^,  acting  against  the  breadth 
of  the  ship.  This  will  readily  be  understood  by  a  reference  to 
fig.  49;^,  which  represents  a  horizontal  slice  of  a  floating  body  of 
the  height  of  the  wave  which  the  body  raises  in  passing  through 
the  water,  and  the  form  of  the  wave  is  represented  by  the  trian- 
gular figure  w  a  o,  which  is  delineated  on  the  plane  surface 
formed  by  cutting  away  one-qnarter  of  the  model  so  as  to  dear 
the  problem  of  the  complication  involved  by  the  introduction  of 
the  curved  form  of  the  side.  A  transverse  ordinate  is  drawn  at 
hf  and  at  the  point  h  &,  where  this  ordinate  meets  the  side,  a  line 
is  drawn  parallel  to  the  axis,  intersecting  the  line  e  e.  From  the 
point  of  intersection  a  vertical  line  5  is  raised,  on  which  is  set 
aS  the  height  of  the  wave  at  d  5,  and  by  drawing  any  desired 
number  of  similar  lines  the  wave  w  ae  will  be  set  off  on  the 
midship  section  in  the  form  eecL,  which  figure  represents  the  hy- 
drostatic resistance  of  half  the  vessel.  The  area  of  the  figure 
eedia  manifestiy  half  the  area  of  the  parallelogram  aee  d;  and 
as  there  is  a  similar  figure  on  the  other  side  of  the  vessel,  the 
total  area  representing  the  hydrostatic  resistance  will  be  equal  to 
half  the  height  of  the  wave  acting  against  the  breadth  of  the  ship. 
Supposing  that  no  disturbing  forces  were  in  existence  in  m- 
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terfbring  with  the  upwd  and  downnrd  motion  of  the  vitcr, 
a  particle  of  water  at  the  forefbot  b,  fig.  48,  vonld,  as  the  Tewl 
moved  forw&rd,  &Uow  the  oorred  line  b  a;  and  if  on  liaing 
above  the  Hne  w  l  H  had  not  to  enoomttsT  mora  of  the  forae 
of  gravity,  it  woold  pnFgne  its  conrae  along  the  dotted  line  a  D. 


Ab,  howerer,  aa  eoon  as  the  particle  passes  above  w  l,  it  hu  to 
enoonnter  nearlj  the  whole  force  of  gravitj,  its  motoentnm  will 
not  enffioe  to  oany  it  up  &r,  and  it  will  proceed  above  the  ir«- 
ter  level  onlj  to  some  snch  point  as  a,  and  will  then  immefr 
ately  paes  downward  and  astem  in  the  track  of  the  carved  li» 
a  0.  The  whole  of  the  ascending  and  descending  particles  nD 
parsoe  conrsee  nearly  parallel  to  these  tracks ;  and  moh  linu 
might  be  drawn  meohanioallj  b;  a  tradng  point  attached  to  > 
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pendolani  m  Ae  mummet  atreafy  described,  onlr  thai  tbe  half 
of  the  beat  answering  to  the  motion  ai  the  partide  aboire  the 
water-fine,  would  be  redneed  ia  length  bj  tiie  ball  being  made 
in  this  part  of  ha  motion  to  eomi^eaB  a  flfniDg  repieeentmg  the 
increased  power  of  giaiitv  to  which  the  partide  is  8iil]()ected 
during  this  part  of  its  ooorse. 

Iffitherto  we  haye  diBCoyoed  no  source  ci  loss  of  mechanical 
power  in  the  moTement  of  the  water  b  j  a  Teesel  passing  throagh 
it,  except  thai  inTd^ed  bj  the  necessity  d  oyerooming  a  con- 
stant  hydrostatic  reastance  in  conseqaence  of  the  difference  in 
the  level  of  the  water  ai  the  bow  and  stem.  There  will,  how- 
Fig.  50. 
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ever,  be  the  loss  of  the  momentum  left  in  the  midnlating  mass 
of  water.  But  this  last  loss  will  be  diminished,  if  we  shift  the 
midship  frame  fnrther  forward,  as  say  to  a,  flg.  60,  which  is  one- 
third  of  the  length  from  the  bow,  instead  of  half  the  length. 
For,  although  we  have  still  the  hydrostatic  resistance  equal  to 
half  the  height  of  a  above  w  l  multiplied  by  the  breadth  of  the 
vessel  to  encounter,  yet  if  the  after-body  of  the  vessel  be  prop- 
erly formed  with  diverging  sides,  the  undulating  mass  of  water 
will  have  surrendered  most  of  its  power  to  the  vessel  in  aid  of 
her  propulsion  before  it  leaves  the  stem  at  y.  If  we  suppose 
the  vessel  to  be  cut  off  at  the  water  line,  we  shall  get  rid  of 
the  question  of  the  hydrostatic  resistance,  as  the  water  rising 
above  the  water-level  will  in  such  case  mn  over  the  deck ;  but 
the  momentum  of  the  undulating  mass  will  remain,  and  the  ob- 
ject to  be  attained  is  so  to  form  the  stem  part  of  the  vessel  that 
tiie  upward  motion  of  the  water  above  the  water-line  at  the 
stem  shall  be  resisted,  whereby  the  mechanical  power  resident 
18* 
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in  the  bearing  water  will  be  commaaicated  to  Ilie  TesseL  Thia 
is  dona  at  present  practioallj  by  canaing  the  stem  part  of  the 
vessel  to  spread  outwards  near  the  load  water-line,  bo  that  tho 
ascending  colomn  of  water  is  intercepted  bj  it  and  graduall; 
brought  to  Test. 

The  rise  of  water  at  the  bow,  it  will  be  observed,  inoreases 
not  merely  the  hjdrostAtie  pressure  agiunat  which  the  vessel 
has  to  force  her  way,  but  also  the  opposing  area  against  wliich 
the  presEnre  acts.  In  like  manner  the  deficient  height  of  water 
at  the  stem  diminishes  both  the  pressure  and  the  pressed  area. 
It  is  very  important,  therefore,  that  the  difference  of  level  at 
t!ie  bow  and  stem  sbonid  be  as  sntall  aa  possible.  And  although 
we  have  supposed  that  the  height  of  the  wave  a,  fig.  50,  would 
only  be  the  same  if  we  shifted  forward  the  centre  frame,  it 
would  in  point  of  fact  be  higher  if  the  siime  speed  of  vessel 
were  maintmned.  On  this  ground,  therefore,  it  appears  prefera- 
ble to  maintain  the  niidabip  frame  near  the  position,  shoira  in 
flg.  48,  the  more  eapecioliy  as  the  forward  and  ascending  cur- 
rent due  to  the  friction  of  the  bottom  of  the  vessel  on  the  water 
has  a  tendency  to  bring  the  surl'oce  of  the  water  relatively  with 
the  ship  into  the  condition  represented  by  the  waving-iine 
X  t  aty.  Before  entering  upon  the  consideration  of  the  friction 
of  the  bottom,  however,  it  may  be  stated  that  the  liydrostaljo 
refdstanoe  consequent  on  the  increased  elevation  beginning  at  w 
instead  of  at  z  is  not  all  loss.  For  wliile  the  height  of  the  wavt 
increases  the  pressure  of  the  water  beneath,  it  also  helps  to  sep- 
arate the  water;  and  if  tlie  vessel  be  made  without  any  straiglit 
part  between  the  fore  and  after-bodies,  a  portion  of  the  increased 
elevation  which  the  mean  water-line  w  l  receives  at  the  bow, 
will  he  retained  to  increase  the  elevation  of  the  water  at  the 
stem,  so  that  under  certain  conditions  nearly  the  whole  of  tlie 
power  eipended  in  moving  the  water  would  be  theoreticaUj  re- 
coverable. In  practice,  however,  suoh  a  result  is  never  reached; 
and  however  perfect  the  arrangements  for  recovering  tho  power 
may  be  mode,  yet  a  certain  percentage  of  it  is  loat  at  ever; 
step ;  and  tie  safest  indication  is  to  employ  such  a  form  of  vessel 
OS  will  disturb  the  water  as  little  as  possible.  Thia  will  be  a 
body  of  tho  form  which  I  have  indicated  with  a  considerable 
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proportion  of  length  to  breadth,  so  that  the  vessel  may  be  sharp 
at  the  ends.  A  length  of  7  times  the  breadth  is  found  to  be  a 
good  proportion  for  snch  speeds  as  15  or  16  miles  an  horn*.  Bnt 
the  proportionate  length  that  is  advisable,  will  increase  with  the 
intended  speed. 

It  is  not  dijQSctdt  when  the  intended  speed  of  the  vessel  and 
also  its  length  and  breadth  are  determined,  to  find  what  the 
proper  form  of  the  vessel  will  be,  and  also  the  height  of  the 
wave  which  the  vessel  will  raise  at  the  midship  frame  by  her 
passage  through  the  water,  one-half  of  which  height  multiplied 
by  the  breadth  of  the  vessel  wiU  be  the  measure  of  the  hydro- 
static resistance.  For  as  each  particle  of  water  at  the  stem  has 
to  describe  the  motion  described  by  the  ball  of  a  pendulum 
which  makes  a  double  beat  during  the  time  that  the  vessel 
passes  through  her  own  length,  the  breadth  of  the  arc  will  an- 
swer to  half  the  breadth  of  the  vessel,  and  the  vertical  height  of 
the  arc  or  the  vertical  distance  fallen  by  the  ball  in  passing  from 
the  highest  to  the  lowest  part  of  the  arc,  will  be  the  height  of  the 
wave  raised  at  the  midship  frame — ^that  being  the  height  neces- 
sary to  give  the  velocity  of  motion,  with  which  the  particles  of 
water  must  be  moved  sideways  through  half  the  breadth  of  the 
vessel,  to  enable  the  vessel  to  pass  through  in  the  prescribed 
time.  If  we  suppose  the  baU  of  the  pendulum  to  be  replaced  by 
a  mass  of  liquid  moving  in  a  circular  arc,  the  motion  of  this 
liquid  will  be  the  same — except  in  so  far  as  it  is  affected  by 
friction — as  if  it  were  frozen  and  suspended  by  a  rod  of  the 
same  radius  as  the  arc ;  but  if  the  mass  of  liquid  be  large  so  as 
to  occupy  any  considerable  part  of  the  length  of  the  arc,  the 
motion  will  not  be  the  same  as  that  of  a  suspended  point,  as  the 
whole  of  the  particles  will  no  longer  rise  and  fall  through  the 
same  height,  while  all  of  them  will  have  still  to  be  moved  with 
the  same  velocity.  So  also  if  we  have  a  tube  open  and  turned 
np  at  both  ends,  and  if  we  pour  water  into  it  and  depress  the 
water  in  one  leg  so  as  to  disturb  the  equilibrium,  the  water 
when  released  will  vibrate  upward  and  downward  like  a  pendu- 
lum. Such  a  tube  is  represented  in  ^g,  51,  where  E  a  b  h  is  the 
tube  which  is  filled  with  water  to  the  level  of  x.  If  the  level  in 
one  leg  be  depressed  from  o  to  a,  it  will  rise  in  the  other  leg 
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from  D  to  H ;  and  if  the  depressing  force  be  now  withdrawn, 
the  water  will  fall  from  h  with  a  velocity  corresponding  to  its 
hdght  above  o,  and  wUl  be  carried  by  its  momentmn  above  o 

to  B,  jnst  as  the  ball  of  a  pendnlnm  ascends  in 
^\  *  its  arc  by  the  momentum  it  possesses — ^and  the 
p.  water  will  continue  to  osdllate  np  and  down 
-  H  like  the  ball  of  a  pendnlum,  until  it  is  finally 
D  brought  to  rest  by  friction.  If  the  tube  be  <rf 
equal  bore  throughout  and  be  bisected  in  o, 
then  as  the  accelerating  fbrce  is  the  differenoe 
in  the  masses  of  the  two  unequal  columns  di- 
vided by  their  sum,  the  accelerating  force  wHl 
be  represented  by  e  a  divided  by  o  a  b  d,  or  what  is  the  same 
thing,  by  E  A BF ;  or  it  will  be  proportional  to  the  half  of  this, 
or  to  E  0  divided  by  o  a  o.  The  time  of  the  oscillation  or  the 
time  in  which  the  surface  of  the  water  will  fall  from  the  highest 
to  the  lowest  point,  is  equal  to  that  in  which  a  pendulum  of  the 
length  0  A  o  makes  one  vibration.  Hence  the  time  in  which  the 
surface  will  pass  from  the  highest  point  to  the  lowest,  and  to 
the  highest  again,  will  be  that  in  which  a  pendulum  of  the 
length  0  A  o  will  make  two  vibrations,  or  it  will  be  that  in 
which  a  pendulum  of  four  times  that  length  makes  one  vibra- 
tion, or  a  centrifugal  pendulum  of  the  height  equal  to  o  a  o 
makes  one  revolution.  These  relations  equally  hold,  if  we  sup- 
pose the  same  kind  of  motion  which  exists  in  the  water  to  be 
produced  by  a  piston  at  o ;  and  the  side  of  the  ship  may  be 
supposed  to  be  such  a  piston,  and  if  properly  formed,  the  ship 
will  impart  sideways  to  the  water  precisely  the  same  kind  of 
motion  which  exists  in  the  case  here  illustrated. 

If  a  sheet  of  paper  be  drawn  vertically  behind  a  pendulum 

ftimished  with  a  tracing  point,  then 

Fig.  52.  if  the  pendulum  be  stationary,  the 

(2.)  tracing  point  will  draw  a  straight 

line  represented  by  the  dotted  line 

^         ^1^        ^5^    fig.  62.    But  if  the  pendulum  be 

^li  ^  put  into  motion,  then  the  tracer 

will  describe  the  waving  line  a  b  c  d 
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where  the  prant  a.  mamn  to  Uie  stem  of  a  ehip,  the  point 
B  to  the  midfdup  frame,  and  the  ptrint  o  to  the  stem ;  tmd  the 
paper  wHl  pasa  irom  A.  to  o  dnring  the  time  the  pendulnm  makes 
tvo  oscillations,  ^ce  the  pendolnm  has  to  make  two  osdUa- 
tiona  while  the  Teasel  paasea  through  a  (Ustance  eqaal  to  her 
own  length,  the  oombined  motaons  of  the  traoer  and  penoQ  will 
dduieatA  the  proper  form  for  the  side  of  the  ressel ;  and  if  made 
in  this  taeta  the  particIeB  of  water  will  have  tlie  same  motion  as 
the  ball  of  a  pendolnm,  which  motion  enables  the  water  to  l>e 
mored  with  the  minimnm  of  loss.  It  will  be  nsefnl,  however, 
to  take  a  particiUar  case  to  abow  in  what  manner  the  proper 
fcrm  may  he  practicall;  determined. 

Suppose  A.  o,  fig.  68,  to  represent  the  keel  of  a  Teasel — whloh 
we  may  take  at  200  feet  long  and  40  feet  wide 
— and  which  is  intended  to  mwitain  a  speed  Kg.  68. 

of  10  statnte  miles  per  hour,  or  880  feet  per 
minute.  Sow  as  the  Teasel  has  to  pass 
throt:^  her  length,  or  from  A  to  o,  daring  the 
time  that  the  pendulum  p  makes  a  double 
beat,  or  to  pass  from  a  to  b,  which  is  100  feet, 
dming  the  tjme  the  pendulum  make  a  angle 
beat,  there  will  be  880  divided  bj  100,  or  8-8  ■ 
vibrations  of  the  pendulum  per  minate;  and 
the  rod  of  the  pendulum  must  he  of  aach' 
length  as  to  prodnce  that  nnmber  of  vibra- 
tions. Now  to  determine  the  length  of  the 
rod  of  a  pendnlnm  which  shall  perform  an; 
given  nnmber  of  vibrstions  per  minnte,  we 
divide  the  constant  number  8T5-88  by  the 
nnmber  t^  vibrations  per  minnte,  and  the 
sqiiare  of  the  quotient  is  the  length  in  inches. 
Hence  8?e'86  divided  by  8-8  =  42-6,  the  square 
of  which  is  1814-70  inches  or  151-23  feet,  and  apendnlom  lSl-28 
fleet  long  beatingin  an  arc  20  feet  long  with  the  paper  travelling 
at  A  speed  of  BBO  feet  per  minnte,  will  describe  the  line  a  b  o, 
which  will  he  the  proper  water-line  for  the  side  of  a  ship  if  the 
erosB-section  be  rectangular;  and  whatever  the  form  of  cross- 
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section  this  figure  will  equally  determine  the  proper  area  of 
cross-section  at  each  successive  frame.  K  instead  of  moving  at 
10  miles  an  hour,  the  vessel  has  only  to  move  at  the  rate  of  5 
miles  an  hour,  the  figure  described  will  be  that  represented  hj 
D  a  E,  and  the  breadths  5  5  in  the  longer  figure  and  h'  V  in  the 
shorter  are  the  same,  both  being  equal  to  half  the  breadth  at  a  a. 
The  rod  of  the  pendulum  p  p  passes  through  the  point  5,  and  the 
pendulum  vibrates  from  the  plane  of  the  keel  to  the  plane  of  the 
side,  so  that  the  chord  of  the  arc  in  which  the  vibration  is  per- 
formed is  equal  to  half  the  breadth  of  the  vessel,  while  the 
versed  sine  or  height  through  which  the  pendulum  falls  at  each 
beat,  will  be  equal  to  the  height  of  the  wave  at  the  midship 
frame.  To  find  the  versed  sine  of  the  arc,  we  divide  the  square 
of  half  the  chord  by  twice  the  length  of  the  pendulum.  The 
chord  being  20  feet  the  half  of  it  is  10  feet ;  and  the  pendulum 
being  151 '23  feet  long  the  double  of  it  is  802*46  feet,  and  100 
divided  by  802*46  =  -88  feet  or  8*96  inches.  The  height  of  the 
wave  at  the  midship  frame,  in  a  vessel  formed  in  the  manner  in- 
dicated, will  accordingly  be  3*96  inches,  or  rather  this  would  be 
the  height  if  the  water  were  moved  without  friction,  so  that 
practically  the  height  will  be  somewhat  greater  than  is  here  in- 
dicated. 

If  we  increase  the  speed  of  the  vessel,  or  increase  the  breadth, 
the  hydrostatic  resistance  will  increase  very  rapidly.  Thus,  if 
the  speed  of  the  vessel  be  increased  to  20  miles  an  hour,  or  1,760 
feet  per  minute,  the  pendulum  will  require  to  make  17*&  beats 
per  minute,  and  its  length  will  be  375*36  divided  by  17*6  =  21*3, 
the  square  of  which  is  453*69  inches,  or  37*8  feet.  Now,  100 
divided  by  37*8  =  2*6  feet,  which  will  be  the  height  of  the  wave 
at  the  midship  frame  in  this  case,  and  the  hydrostatic  pressure 
will  be  the  half  of  this,  or  equivalent  to  1*3  feet  of  water  acting 
on  the  breadth  of  the  vessel.  In  like  manner,  successive  addi- 
tions to  the  breath  of  the  vessel  without  increasing  the  length 
add  rapidly  to  the  hydrostatic  resistance,  as  they  involve  the  ne- 
cessity of  the  oscillating  particles  ascending  higher  and  higher  in 
the  arc  to  enable  the  vessel  to  pass. 
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FRICnON  OF  WATER. 

It  remains  to  consider  the  friction  of  water  upon  the  bottom 
of  the  vessel,  and  this  is  by  mnch  the  most  important  part  of 
the  resistance  which  ships  have  to  encounter.    Beanfoy  made  a 
number  of  experiments  to  ascertain  the  amount  of  this  resistance 
by  di'awing  a  long  and  a  short  plank  through  the  water :  and,  by 
taking  the  difference  of  their  resistances  and  the  difference  of 
their  surfaces,  he  concluded  that  the  friction  per  square  foot  of 
plank  was,  at  one  nautical  mile  per  hour,  '014  lbs.;   at  two 
nautical  miles  per  hour,  '0472  lbs. ;  at  three,  '0948  lbs. ;  four, 
•158  lbs.;  five,  -2264  lbs, ;  six,  -3086  lbs. ;  seven,  -4002  lbs. ;  and 
eight,  '5008  lbs.    At  two  nautical  miles  an  hour,  the  force  re- 
quired to  overcome  the  friction  was  found  to  vary  as  the  1*825 
power  of  the  velocity,  and  at  eight  nautical  miles  an  hour  as  the 
1*713  power.    Other  experimentalists  have  deduced  the  amount 
of  friction  from  the  diminished  discharge  of  water  flowing 
through  pipes.    If  there  were  no  friction  in  a  pipe,  the  velocity 
of  the  issuing  water  should  be  equal  to  the  ultimate  velocity  of 
a  body  falling  by  gravity  from  the  level  of  the  head  to  the  level 
of  the  orifice.*    But  as  the  velocity  is  found  by  the  diminished 
discharge  to  be  only  that  due  to  a  much  smaller  height,  the  dif- 
ference is  set  down  as  the  measure  of  the  power  consumed  by 
friction.    This  mode  of  estimating  the  friction  is  not  applicable 
to  the  determination  of  the  friction  of  a  ship ;  for,  in  the  first 
place,  the  discharge  is  a  measure  not  of  the  maximum^  but  of 
the  m^flwi  velocity ;  and,  in  the  second  place,  there  is  every  reason 
to  believe  that  the  friction  per  square  foot  on  the  bottom  of  the 
ship  is  quite  different  near  the  bow  from  what  it  is  near  the 
stem.    As  the  water  adheres  to  the  bottom  there  wiU  be  a  film 
of  water  in  contact  with  the  ship,  which  will  be  gradually  put 

*  There  is  sometimes  misconception  on  this  subject,  arising  from  a  neglect  of  the 
difference  between  the  ttlUmate  and  mean  yelocities  of  a  felling  body.  Thns,  if 
water  flows  firom  a  small  hole  in  the  side  of  a  cistern,  the  water  will  issue  with  the 
tUUmaie  yeloclty  which  a  heavy  body  would  acquire  by  felling  from  the  level  of  the 
bead  to  the  level  of  the  orifice,  which,  if  the  height  be  16^,  feet,  will  be  82J  feet 
per  second.  The  mean  velocity  of  felling,  however,  is  only  16^  feet  per  second, 
BO  that  the  ultimate  velocity  is  twice  the  mean  yelccity. 
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into  motion  by  the  friction ;  and  the  longer  the  vessel  is  the  less 
will  be  the  friction  upon  a  square  foot  of  surface  at  the  stem- 
seeing  that  snch  square  foot  of  surface  has  not  to  encounter  sta- 
tionary water,  but  water  which  is  moving  with  a  certain  velocity  in 
ihe  direction  of  the  vessel.   The  film  of  water  moving  with  the  ves- 
sel wUl  become  thicker  and  thicker  as  it  passes  towards  the  stern, 
and  it  will  rise  towards  the  surface  by  reason  of  the  virtual  re- 
duction of  weight  consequent  upon  the  motion.    The  whole  of 
the  power,  therefore,  expended  in  friction  is  not  lost,  as  the 
power  expended  in  the  front  part  of  the  vessel  will  reduce  the 
friction  of  the  after  part ;  added  to  which,  the  rising  current 
which  the  friction  produces  may  be  made  to  aid  the  progress, 
of  the  ship,  if  we  give  to  the  after-body  of  the  ship  such  a  con- 
figuration as  to  be  propelled  onward  by  this  rising  current 
Finally,  when  tbe  screw  is  the  propelling  instrument,  the  slip 
of  the  screw  will  be  reduced,  and  may  even  in  some  cases  be 
rendered  negative,  by  the  circumstance  of  the  screw  working  in 
this  current ;  and  whatever  brings  this  current  to  rest  will  nse 
up  the  power  in  it,  and  so  far  recover  the  power  which  has  been 
expended  in  overcoming  the  friction. 

In  my  investigations  respecting  the  physical  phenomena  of 
the  river  Indus  in  India,  I  observed  that  the  water  not  only  ran 
faster  in  the  middle  of  the  stream,  but  that  it  also  stood  higher 
in  the  middle,  so  that  a  transverse  section  of  the  river  wonld 
exhibit  the  surface  as  a  convex  line.  At  the  centre  of  the  river 
the  stream  is  very  rapid,  but  it  is  slow  at  the  sides,  so  that  boats 
ascending  the  river  keep  as  close  as  possible  to  either  bank;  and 
in  some  parts  at  the  side  there  is  an  ascending  current  forming 
an  eddy.  I  further  observed,  that  not  merely  were  there  rapid 
and  considerable  changes  in  the  velocity,  which  I  imputed 
partly  to  the  agency  of  the  wind  in  deflecting  the  most  rapid 
part  of  the  current  to  the  one  side  or  the  other  of  the  river,  bnt 
there  were  also  diurnal  tides ;  or,  in  other  words,  the  stream  nn 
more  swiftly  in  the  afternoon  than  in  the  early  morning.  This 
had  been  long  before  observed,  and  was  imputed  to  the  heat  of 
the  sun  melting  the  snows  in  the  mountains  more  during  the  dflj 
than  during  the  night.    But  although  such  an  eflTect  might  be 
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observable  in  a  single  feeder,  the  riyer  is  supplied  from  so  many 
sonroes  at  different  distances  that  such  intermittent  accessions 
would  equalise  one  another.  Moreover,  the  effect  of  the  sun  in 
the  daytime  in  swelling  the  volume  of  the  river,  if  acting  without 
any  equalising  influence,  could  only  produce  a  wave  like  a  tidal 
wave  in  the  river ;  and  the  increase  of  velocity  would  at  some 
points  take  place  at  night  and  at  some  in  the  morning,  whereas 
I  found  it  to  take  place  eoerywhere  at  the  same  time.  I  finally 
oame  to  the  conclusion  that  the  phenomenon  is  caused  by  the.  in- 
fluence of  the  sun  in  heating  the  water  of  the  river,  and  thereby 
increasing  its  liquidity  and  its  velocity  throughout  the  whole 
length  of  the  river.  The  temperature  of  the  water  in  the  river 
ii  commonly  about  94''  Fahr.,  but  as  the  river  is  wide  and  shal- 
low, it  is  rapidly  heated  and  cooled,  and  there  are  several  de- 
grees difference  between  the  temperature  of  the  day  and  the 
xiight.  In  the  early  morning  the  river  is  coldest,  and  at  that 
time  also— other  things  being  equal — ^its  velocity  is  least.  It 
may  hence  be  concluded  that  any  thing  which  ^ves  more  mo- 
bility to  the  particles  of  the  water  in  which  a  vessel  floats  will 
diminish  the  friction  of  the  bottom ;  and  this  end  seems  likely  to 
be  attained  by  the  injection  of  air  into  the  water  at  the  stem 
and  forefoot  or  front  part  of  the  keel. 

It  is  not  difficult  to  understand  how  it  comes  that  the  water 
hi  a  river  should  stand  higher  at  the  middle  than  at  the  sides,  as 
shown  in  fig.  54.  If  we  hang  a  weight  upon  a  spring  balance 
we  fihaU  find  the  amount  of  the  weight  to 
be  indicated  on  the  scale  or  index ;  and 
Hub  weight  will  continue  to  be  shown  so 
long  as  we  hold  the  spring  balance  sta- 
tionary. But  if  we  allow  it  to  move  tow- 
ards the  earth  with  the  velocity  which 
a  heavy  body  would  acquire  in  falling  by  gravity,  the  index  of 
file  spring  will  show  no  tenmon  at  aU — ^proving  that  with  this 
amount  of  downward  motion  the  body  imparts  no  weight.  If 
the  spring  is  moved  downward  slower  than  a  body  falls  by  grav- 
ity, the  spring  will  show  that  it  is  sustwning  some  weight;  but 
at  cmy  velocity  downward  there  will  be  a  diminution  in  the 


426  BTEAK  SAYIQATIOS. 

wught  of  the  bodj  answerable  to  that  Telocity.  In  two  oolojona 
of  water,  tberetbre,  moTiog  &t  differeat  velodtieB,  the  slower 
will  exert  most  b  jdrostatic  pressure  on  tbe  pipe  or  channel  con- 
tuning  it;  and  where  two  anoh  oolnmns  are  connected  togetlier 
sideways,  as  in  a  river,  the  faster  must  rise  to  a  greater  height  to 
be  in  hTdrostatio  eqmlibriom  Endeways  with  the  slower.  The 
snr&ce  of  the  water  conseqnentlj  becomes  convex,  as  shown  at 
X  in  fig.  C4,  where  b  is  the  water  and  x  b  o  d  the  bed. 

It  will  be  seen  &om  these  obserrationa  that  there  isakj- 
draulic  as  well  as  a  hgdrottatio  head  of  water ;  and  the  hTdranlio 
head  is  equal  to  the  hjdroatalio  head, 
Fig.  fiS.  diminished  bj  the  height  dne  to  tbe 

velocity  with  which  the  water  flowe. 
This  law  is  fortber  iUostrated  bj  fig. 
65,  which  represents  a  bulging  vessel 
m  which  the  water  is  maintained  at  a 
nmform  height  by  water  flowing  iaW 
it  at  tbe  top,  while  it  runs  ont  at  b  at 
the  bottom.  The  velocity  with  whidi 
the  water  Sows  downward  from  a.  to 
E  varies  with  the  amount  of  enlarge- 
r  ment  or  contraolion  of  the  vessel; 
and  tbe  height  of  wat«r  which  will 
be  supported  in  the  small  pipee  h,  t 
and  d,  varies  as  tbe  velocity  of  the  water  at  their  aeveral  points 
of  insertion.  Thns,  the  area  at  b,  being  greater  than  the  aru 
at  A,  tbe  velocity  will  be  less,  and  consequently  the  water  will 
stand  in  the  smatlpipe  h  at  a  point  higher  than  the  surface  of  a. 
The  area  at  D  being  less  then  the  area  at  A,  the  velo<»ty  will  be 
greater ;  and  tbe  height  of  the  water  in  the  small  tube  d  will  not 
come  up  to  tbe  level  of  a.  At  o,  the  velocity  of  the  water  being 
very  great,  not  only  no  height  of  colnmn  will  be  supported  in  the 
tabe  e  there  inserted,  but  the  water  will  be  sucked  np  tbrongti 
tbe  inverted  tnbe  c,  oat  of  tbe  small  cistern  p;  and  if  there  b« 
no  cistern  air  will  be  drawn  through  the  tube.  Bo  also  in  fig. 
66,  if  a  pipe  be  led  out  at  the  bottom  of  a  ckstera  of  water,  a 
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Fig.  66.  hole  bored  in  any  part  of  the  pipe  will  draw  air  and 
not  leak  water,  so  long  as  the  water  is  ronning  out 
of  the  bottom  of  the  pipe. 

It  follows,  from  these  considerations,  that  the 
stratum  of  water  pnt  into  motion  by  the  friction  of 
the  vessel  will  rise  to  a  higher  level  than  the  sor- 
ronnding  water,  which  is  at  rest;  and  advantage 
11^  should  be  taken  of  this  ascending  current  to  aid  in 
Ifig  propelling  the  vessel,  by  spreading  out  the  stern  part 
so  as  to  intercept  and  derive  motion  from  the  rising 
water.  This  is,  to  some  extent,  done  in  common  ves- 
sels by  the  greater  breadth  which  is  given  to  the 
stem  part  near  the  water  level;  and  although  no 
very  tangible  reason  is  commonly  adduced  for  the  practice  be- 
yond that  of  affording  greater  acconmiodation  for  the  cabins,  the 
method  of  expanding  the  breadth  at  the  stern  is  also  useful  in 
QtOiBing  the  ascending  current.  The  manner  in  which  the  ship 
aoto  npon  the  water  in  urging  it  into  motion  by  friction  is  not 
known.  But  it  is  known  that  the  vessel  carries  a  film  of  water 
with  it  in  the  same  manner  as  the  belt-pump ;  and  it  is  known 
tiiflt  the  particles  of  water  nearest  the  vessel  move  with  a  velocity 
nearly  the  same  as  that  of  the  vessel,  and  that  the  motion  of  each 
partifile  diminishes  in  amount  the  further  it  is  from  the  vessel, 
until  those  particles  are  reached  which  are  wholly  at  rest.  The 
moving  film  may  consequently  be  regarded  as  a  roller  interposed 
between  the  bottom  of  the  vessel  and  the  water ;  and  such  a 
Toiler  would  enable  the  vessel  to  move  forward  with  twice  the 
speed  that  the  roller  itself  moves  at.  But  before  this  roller  can 
be  set  into  motion,  there  will  be  a  good  deal  of  slip  or  pure  Mo- 
tion, jnst  as  there  is  in  the  driving-wheel  of  a  locomotive  in 
atiriing  the  train.  It  is  not  known  what  length  of  vessel  will 
Boffioe  to  move  the  film  of  water  with  the  maximum  velocity  it 
ein  attain  with  any  given  speed  of  the  ship ;  nor  is  it  known 
what  the  maximum  speed  of  the  film  is  with  any  giv^n  velocity 
of  the  ship.  The  speed  will  always  be  less  than  the  speed  of  the 
dnp^  bat  how  much  less  is  not  known ;  and  this  speed,  when 
once  attained,  will  not  be  increased,  as  when  it  is  reached  the 
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power  oommnnioated  by  the  friction  of  the  bottom  will  be 
balanced  by  the  power  consumed  in  maintaining  l^e  motion 
among  the  internal  particles.  Up  to  a  certain  pointy  therefore^ 
the  friction  npon  a  square  foot  of  the  ship^s  bottom  will  <iiTniniBh 
with  the  distance  from  the  stem ;  and  the  thickness  of  the  moving 
film  will  also  increase  with  that  distance.  But  when  that  point 
of  the  length  has  been  reached,  the  friction  per  square  foot  will 
become  uniform,  and  there  will  be  no  further  increase  in  the 
thickness  of  the  film. 

Instead,  however,  of  supposing  the  film  interposed  between 
the  stationary  water  and  the  moving  bottom  to  be  a  angle 
roller,  it  will  be  a  nearer  approximation  to  the  truth  if  we  sup- 
pose it  to  be  composed  of  an  infinite  number  of  rollers,  aaaa 
in  fig.  67,  where  we  may  suppose  s  s  to  be  the  ship,  while  the 
line  extending  from  roller  to  roller  represents  the 
^'  amount  of  motion  which  the  water  receives  tm 

each  successive  length  of  the  ship,  and  which  dimin- 
ishes as  we  recede  from  the  stem  until  we  re^ch  the 
point  A  B,  where  the  pure  friction  of  the  bottom 
eg  upon  the  particles  balances  the  power  consumed  in 
maintaining  the  internal  motion  of  the  water,  and 
^  which  power  is  ultimately  transformed  into  heat. 
The  whole  power  concerned  in  propelling  the  ves- 
a^  sel  is  consumed  either  in  moving  the  water  or  in 
heating  it.  The  greater  part  of  the  power  expended 
in  moving  the  water  aside  at  the  bow,  is  recovered 
by  the  closing  of  the  water  at  the  stem ;  and  most 
of  that  expended  in  friction  in  producing  a  rising 
current  is  recoverable  by  giving  a  proper  configuration  to  the 
stem.  Of  the  heat  generated,  the  whole  is  not  lost,  as  it  will 
give  greater  mobility  to  the  particles  of  the  water,  which  wiD 
also  be  given  by  heating  the  bottom,  as  has  been  done  in  some 
steam-vessels,  by  converting  the  bottom  into  a  refrigerating  aor- 
face  for  condensing  the  steam ;  and  by  which  arrangement  the 
bottom  itself  has  been  heated  to  some  extent.  On  the  whole, 
however,  that  arrangement  will  be  the  most  advantageous  for 
reducing  resistance  by  which  the  least  motion  is  given  to  the 
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water,  and  the  least  heat  generated  ui  it;  and  the  smoothness 
of  the  rubbing  surface  will  somewhat  affect  that  qnestion.  In 
pipes,  it  has  been  fomid  that  there  is  no  increase  of  friction  from 
increase  of  pressure.  But  it  must  not  be  therefore  inferred  that 
in  vessels  the  friction  per  square  foot  is  precisely  the  same 
at  every  point  in  the  depth,  any  more  than  at  every  point  of 
the  length ;  for  the  moving  water  has  to  escape  to  the  surface, 
and  the  difficulty  of  the  escape  will  be  the  greater  the  further 
the  surface  is  off.  K  we  knew  the  ratio  in  which  the  resistance 
of  a  vessel  increased  with  the  length  and  with  the  depth,  we 
should  be  able  to  teL  what  form  the  vessel  should  have,  in  order 
to  offer  the  least  resistance.  But  it  is  quite  certain  that  the  re- 
sistance per  square  foot  of  the  bottom  does  diminish  with  the 
length  in  some  proportion  or  other ;  and  as  the  resistance  also 
diminishes  as  the  wetted  perimeter,  and  as  relatively  with  the 
sectional  area,  the  wetted  perimeter  of  large  vessels  is  less  than 
that  of  small,  it  is  easy  to  understand  how  it  comes  that  large 
vessels  are  swifter  than  small  with  the  same  proportion  of  pro- 
pelling power.  K  we  double  the  breadth  and  immersed  depth 
of  a  vessel,  we  double  the  length  of  its  perimeter.  But  we  in- 
crease its  sectional  area  fourfold ;  and  as  with  any  given  length, 
and  with  equally  fine  ends,  the  wetted  perimeter  is  the  measure 
of  the  resistance,  it  follows  that  the  large  vessel  wiU  require  less 
power  per  ton  or  per  square  foot  of  inmiersed  section  to  main- 
tain any  given  speed. 

SPEED  OF  STEAM  VESSELS  OF  A  GIVEN  POWER. 

There  were  no  accepted  rules  for  ascertaining  the  speed  that 
a  steam  vessel  of  a  given  type  would  probably  obtain  with  en- 
gines of  a  given  power,  until  the  appearance  of  the  first  edition 
of  my  Catechism  of  the  SteamrEngine^  when  I  published  the  rule 
which  had  long  been  employed  by  Messrs.  Boulton  and  "Watt 
fbr  determining  this  point.  This  rule  was  founded  on  a  long- 
continued  series  of  experiments  on  steam  vessels  of  different 
types ;  and  for  similar  hinds  of  vessels  the  results  it  gives  have 
been  found  very  nearly  to  accord  with  those  subsequently  ob- 
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tained  by  experiment.  This  rale,  wYnob.  proceeds  on  the  sappo- 
sition  that  the  engine  power  required  for  the  propulsion  of  a 
vessel  varies  as  the  area  of  the  immersed  midship-section,  and  as 
the  cnbe  of  the  speed,  has  been  already  referred  to  in  page  Tl 
as  an  example  of  the  application  of  equations,  and  in  algebraical 
language  it  is  as  follows: — 

If  s  be  the  speed  of  the  vessel  in  knots  per  hour,  a  the  area 
of  the  immersed  midship  section  in  square  feet,  o  a  nnmerical 
coefficient,  varying  with  the  form  of  vessel  and  to  be  fixed  by 
experiment,  and  p  the  indicated  horse-power :  then 

b'a,  s'a  ,  ,  PO 

p  =  --i       0  =  —        and       B  =  -y — 

OP  ^  A 

In  words  these  rules  are  as  follows : — 

TO  DETEBMINE  THE  POWEB  NEOBSSASY  TO  BBATJ8B  A  OFTEN  SPIED 
IN  A  STEAM  VESSEL  BY  BOULTON  AND  WATT'S  BULB. 

Bui^B. — Multiply  tJie  cube  of  the  given  speed  Tyy  the  a/rea  ift 
squa/re  feet  of  that  part  of  fhe  midship  section  of  the  wuel 
lying  "below  the  water-line,  and  divide  the  product  by  a  cer- 
tain coefficient  of  which  there  is  a  different  one  for  each 
particular  type  of  vessel.  The  quotient  is  the  indicated 
power  in  horses  that  will  be  required  to  give  the  intended 
speed. 

Example, — The  steamer  '  Fairy,'  with  an  immersed  seciaoual 
area  of  Tli  square  feet,  and  a  coefficient  of  465,  attained  on 
trial  a  speed  of  13*3  knots  per  hour.  What  indicated  power 
must  have  been  exerted  to  attain  this  speed? 

Here  the  cube  of  13*3  is  2352*637,  which  multiplied  by  71*5 
=  168210*9,  and  this  divided  by  465  is  equal  to  363  horse-power, 
which  was  the  power  actually  exerted  in  this  case. 

In  the  first  edition  of  my  Catechism  of  the  Steam-Bngine 
the  coefficients  of  a  number  of  steam-vessels  were  given,  whidi 
had  been  ascertained  experimentally  by  Boulton  and  "Watt;  and 
in  the  first  edition  of  my  Treatise  on  the  Screw  Propeller,  pub- 
lished in  1852, 1  recapitulated  a  number  of  the  coefficients  of 


BULES  FOB  FINDING  SPEED   OF  VESSELS.  431 

the  screw  steamers  of  the  navy,  which  had  then  been  recently 
ascertained  by  the  steam  department  of  the  navy,  as  also  the  co- 
efficients obtained  by  multiplying  the  cube  of  the  speed — ^not  by 
the  area  of  the  midship  section,  but  by  the  cube  root  of  the 
square  of  the  displacement — and  dividing  by  the  indicated  power. 
The  displacement  of  the  '  Fairy '  at  the  trial,  at  which  the  speed 
was  18*3  knots,  was  168  tons.  iN'ow  the  square  of  168  is  28224, 
the  cube  root  of  which  is  30*45  nearly,  and  this  multiphed  by  the 
onbe  of  the  speed  2352*687  and  divided  by  the  indicated  power, 
863  horses,  gives  197  as  the  coefficient  proper  to  be  employed 
when  this,  measure  of  the  resistance  is  adopted.  Neither  the 
immersed  section,  however,  nor  the  displacement,  is  the  proper 
measure  of  the  resistance  in  steam  vessels ;  and  I  pointed  this 
out  in  the  first  edition  of  my  Treatise  on  the  Screw  Propeller^  in 
1852,  and  suggested  the  wetted  perimeter  as  a  preferable  meas- 
ure of  the  resistance ;  the  perimeter  being  a  measure  of  the 
friction ;  and  nearly  the  whole  of  the  resistance  of  well-formed 
ships  being  produced  by  Motion.  Under  this  view  the  velocity 
of  ships  with  any  given  perimeter  and  propelling  power  would 
&11  to  be  considered  in  much  the  same  way  as  the  velocity  of  the 
water  flovring  in  rivers  or  canals,  and  in  which  the  speed  with 
any  given  declivity  of  the  bed  varies  as  the  hydraulic  mean 
depth,  or  in  other  words  as  the  sectional  area  of  the  stream  di- 
vided by  the  wetted  perimeter.  In  such  a  comparison  the  en- 
gine power  of  the  ship  answers  to  the  gravitation  of  the  stream 
down  the  inclined  plane  of  the  bed,  while  the  area  of  the  trans- 
verse section  of  the  ship  beneath  the  water-line  divided  by  the 
wetted  perimeter  constitutes  the  hydraulic  mean  depth  of  the 
ship.  This  measure  of  the  resistance,  however,  though  accurate 
enough  for  short  vessels,  is  not  applicable  to  long  vessels  without 
some  allowance  being  made  for  the  inferior  resistance  of  long 
vessels  of  the  same  sharpness  at  the  ends,  in  consequence  of  the 
proportion  of  power  which  long  vessels  recover,  especially  if 
propelled  by  the  screw  or  any  other  propeller  situated  at  the 
stem. 
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TO  DBTEBMINB  BOTTLTON  AND  WATTES  OOEFVIOIBNT  FOB  AST  CHYXir 
YE8SBL  OF  WHIOH  THS  PEBF0BMA170B  IS  XH01W. 

Rule. — Multiply  the  cube  of  the  speed  in  Jmots  per  hour  hy  the 
area  in  squa/re  feet  of  the  immersed  transverse  section  of  the 
vessel^  and  divide  the  product  ty  the  indicated  horso-power. 
The  quotient  will  he  the  coefficient  of  that  particular  type 


Example. — ^The  steamer  Faiiy,  with  an  area  of  immersed 
section  of  71^  square  feet^  and  863  indicated  horse-power,  At- 
tained a  speed  of  1S*3  knots  an  honr.  What  is  the  coeffioiaat 
of  that  vessel? 

Here  18'8  cubed  =  2862-68T,  which  multiplied  by  71*5  and 
divided  by  863  horse-power  =  465,  which  is  the  coeffident  of 
this  vessel  according  to  Boulton  and  Watt's  rule.  A  good  num- 
ber of  coefficients  for  different  vessels  is  given  at  page  77. 

TO  DETEBMINE  WHAT  SPEED  WILL  BE  ATTAINED  BY  A  STEAK  VI8SIL 
OF  A  OIVEN  TYPE  WITH  A  OIVEIir  AMOUITr  OF  ENOINB  POWSB,  BI 
BOULTON  AND  WATT's  BULE. 

Bulb. — Multiply  the  indicated  horse-power  "by  the  coeffident 
proper  for  that  pa/rticula/r  type  of  vessel^  and  dmde  ike 
product  Jyy  the  a/rea  of  the  immersed  transverse  section  i» 
square  feet  Extract  the  cube  root  of  the  quotient,  whUk 
will  he  the  speed  that  will  he  ohtainM  in  knots  per  hour. 

Example, — What  speed  will  be  obtained  in  a  steamer  of 
which  the  coefficient  is  465,  and  which  has  an  immersed  section 
of  71  J-  square  feet,  and  is  propelled  by  engines  exerting  363 
horse-power. 

Here  363  x  465=168795,  which  divided  by  71-5=2360.  The 
logarithm  of  this  is  3-372912,  which  divided  by  8=1-124304, 
the  natural  number  answering  to  which  is  1331.  ITow  the  in- 
dex of  the  divided  logarithm  being  1,  there  will  be  two  integers 
in  the  natural  number  answering  to  it,  which  will  consequentlj 
be  13-31,  and  this  will  be  the  speed  of  the  vessel  in  knots  ptf" 
hour. 
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The  ooeffioient  of  a  steamer  sometimes  varies  with  the  speed 
with  which  the  vessel  is  propelled.  If  the  vessel  is  properly 
formed  for  the  speed  at  which  she  is  driven,  then  her  coefficient 
win  not  become  greater  at  a  lower  speed ;  and  if  it  becomes 
greater,  the  circumstance  shows  that  the  vessel  is  too  blunt. 
When  the  '  Fairy '  was  snnk  to  a  draught  of  5  feet  10  inches,  her 
speed  was  reduced  to  11*89  knots,  and  her  coefficient  was  re- 
duced from  465  to  429,  showing  that  she  worked  more  advan- 
tageously at  the  higher  speed  and  lighter  draught.  The  *  War- 
rior,' which  when  ezeriing  5,469  horse-power  attained  a  speed 
of  14.856  knots  with  a  coefficient  of  659,  attained  when  exerting 
8,867  horse-power  a  speed  of  12*1T4  knots  with  a  coefficient  of 
767;  and  when  exerting  1,988  horse-power  a  speed  of  11*040 
knots  with  a  coefficient  of  825.  This  shows  that  the  *  Warrior' 
is  too  blunt  a  vessel  for  a  high  rate  of  speed. 

It  will  be  satisfactory  to  ascertain  the  comparative  eligibility 
of  the  forms  of  the  *  Fairy '  and  the  "Warrior,'  which  we  may 
eadly  do  by  comparing  the  speed  attained  by  each,  with  the 
apeod  which  would  be  attained  by  an  equal  weight  of  water 
running  in  a  river  or  canal,  and  impelled  by  an  equal  motive 
force.  The  rule  for  determining  the  speed  of  water  flowing  in 
riven  or  canals  of  any  given  declivity  is  as  follows : — 

TO  DXTEBMINE  THE  MEAN  VELOOTIY  WITH  WHICH  WATEB  WnX 
FLOW  THBOUOH  CANALS,  ABTEBIAL  DSAINS,  OB  PIPES,  BTJNNINa 
PABTLY  OB  WHOLLY  PILLED. 

Bttue. — Multiply  the  hydraulic  mean  depth  in  feet  Jyy  tunee  the 
/aU  in  feet  per  mile.  Mstract  the  square  root  of  the  product^ 
which  i$  the  mean  ^oeloeity  of  the  stream  in  feet  per  minute. 

How  the  'Fairy,'  when  realizing  a  speed  of  18*8  knots  per 
hour  with  868  horse-power,  had  a  draught  of  water  of  4*8  feet ; 
a  sectional  area  of  71*5  feet;  a  wetted  perimeter  of  24*7  feet, 
and  a  displacem^it  of  168  tons.  The  hydraulic  mean  depth  be- 
ing the  sectional  area  in  square  feet,  divided  by  the  length  of 
the  wetted  perimeter  in  feet,  the  hydraulic  mean  depth  will  in 
this  case  be  71*5,  divided  by  24*7=2*9. 

The  engine  made  51*6  revolutions  per  minute,  and  the  screw 
19 
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B6B  revoIutionB  per  minnte,  being  five  timea  tte  nntnber  of  rev- 
olatiaDB  of  the  engines.    The  stroke  is  S  feet,  fmd  the  pitch  of 


the  u 


8  feet. 


Now  a  horse-power  being  83,000  lbs.,  raised  1  foot  per  min- 
ute, and  as  there  were  303  horse-power  exerted,  the  total  effort 
of  the  engines  will  be  S63  times  33,000,  or  11,970,000  Iba.,  rused 
throDgh  1  foot  each  minute.  But  the  engine  makes  Gl'6  revoln- 
tione  each  minuto,  and  the  length  of  the  double  stroke  is  8  feet, 
BO  that  the  piston  moves  through  309' 0  feet  per  minute;  and 
the  power  being  the  product  of  the  velocity  and  the  pressnre, 
the  power  11,879,000  lbs.  divided  by  the  velocity  of  the  piston, 
SOS'S  feet  per  tnicnte,  will  ^ve  the  mean  pressure  ur^g  the 
I«stona,  which  wiU  be  38,691  lbs.  Bnt  the  speed  of  the  aerew- 
Bbaft  being  five  times  greater  thaji  that  of  the  engine-abaft,  the 
pressure  urging  it  into  revolution  must,  in  order  Uiat  there  maj 
be  an  equality  of  power  in  each,  be  five  limes  Jess ;  or  it  wiD  be 
7,B38  lbs.  moving  through  6  feet  at  each  revolution.  Then  the 
pitoh  of  the  screw  being  8  feat,  the  thmst  of  the  screw  will  be 
less  than  7,538,  in  the  proportion  in  which  G  is  less  than  8,  or  it 
will  be  6,6B3,  supposing  that  there  ia  no  loss  of  power  by  slip 
and  fHction.  It  ie  found  on  an  average  in  practice,  that  about 
one-third  of  the  power  ia  loat  in  slip  and  (notion ;  and  the  octoal 
thrust  of  the  acrew-shaft  will  be  about  one-third  leas  than  the 
theoretical  thrust,  or  in  this  case  it  will  be  3,760  Iba.  or  1'68 
ton.  Now,  in  order  that  168  tons  of  water  may  gravitate  down 
an  inclined  channel  with  a  vreight  of  1-68  ton,  the  declivity  of 
the  channel  must  be  1  in  100.  In  1  mile,  therefore,  it  will  be 
52'80  feet.  A  cubic  foot  of  salt-water  weighs  64  lbs.,  so  that 
there  are  35  cubic  feet  in  the  ton,  and  in  168  tons  there  are 
6,880  cubic  feet.  Dividing  this  by  the  sectional  area  71'5  feet, 
we  got  a  block  of  water  82'2  feet  long,  and  itith  a  croBS-seotaoD 
of  71'5  feet,  weighing  168  tons;  and  the  wotted  perimet«F  bung 
S4'7  feet,  and  the  length  82'2  feet,  we  got  a  I'nbbiug  area  of 
3020'84  feet;  and  as  the  Iriction  on  thia  surface  balanoes  the 
vreight  of  3,769  lbs.,  there  will  be  a  frioiJon  of  1-8  lb,  on  each 
square  foot.  If  thia  block  of  water  be  sapposed  to  be  let  down 
a  channel  &lling  1  in  100,  its  velocity  will  go  on  inoreasiiig  until 
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the  Mcti<m  balances  the  gravity,  which,  according  to  the  rale 
^ven  above,  will  be  when  the  water  attains  a  q^eed  of  11  miles 
an  honr,  from  whence  we  condade  that  the  sum  iff  the  reiut- 
ances  of  a  weU-formed  ship  are  less  than  the  friction  alone  of  an 
equal  weight  of  wUer  of  the  same  hydraulie  depth,  moted  in  a 
pipe  or  canal  hy  an  equal  impelling  force.  If  instead  of  taking 
the  declivity  in  2  miles,  as  the  role  prescribes,  to  ascertain  the 
velocity  of  the  water,  we  take  the  dedivity  in  twice  2,  or  4 
miles,  we  shall  arrive  at  a  pretty  exact  expression  of  the  speed 
of  the  vessel  in  this  particular  case.  Taking  the  knot  at  6,101 
feet^  13'8  knots  wiU  be  equal  to  15*8  statute  mUes,  and  the  de> 
clivity  in  1  mile  being  52*8  feet,  the  dedivity  in  4  miles  will  be 
211*2  feet.  Multiplying  this  by  2*9,  the  hydraulic  mean  depth, 
we  get  612*48,  the  square  root  of  which  is  24*7,  which  multi- 
plied by  55,  gives  the  ^peed  of  the  water  in  feet  per  minute= 
1,858*5.  This,  multiplied  by  60,  gives  81,510  feet  as  the  speed 
per  hour,  and  this  divided  by  5,280,  the  number  of  feet  in  a 
statute  mUe,  gives  15*4  as  the  speed  in  statute  miles  per  hour. 

The '  Warrior,'  with  a  displacement  of  8,852  tons,  a  draught 
of  water  of  25j^  feet,  an  immersed  midship  section  of  1,219  square 
feet,  and  5,469  horse-power,  attained  a  speed  of  14*356  knots,  or 
16*6  statute  miles.  The  number  of  strokes  per  minute  was  84}, 
and  the  length  of  the  double  stroke  8  feet,  while  the  pitch  of  the 
screw  was  30  feet.  The  wetted  perimeter  is  88  feet,  which 
makes  the  mean  hydraulic  depth  13*8  feet.  The  power  being 
5,469  horses,  33,000  times  this,  or  180,477,000  lbs.,  will  be  lifted 
1  foot  high  per  minute.  But  as  the  piston  travels  54*25  times  8 
feet,  or  434  feet  each  minute,  the  load  upon  the  pistons  will  bo 
415,845  lbs.  The  pitch  of  the  screw,  however,  being  30  feet, 
while  the  length  of  a  double  stroke  is  8  feet,  the  theoretical 
thrust  of  the  screw  will  be  reduced  in  the  proportion  in  which 
80  exceeds  8,  or  it  will  be  110,892  lbs.  If  from  this  we  take 
one-third,  on  account  of  losses  from  slip  and  friction,  we  get 
78,928  lbs.,  or  33  tons,  as  the  actual  thrust  of  the  screw. 

Now  8,852,  which  is  the  displacement  in  tons,  divided  by 
8d  tons,  which  is  the  motive  force  in  tons,  gives  268,  or,  in  other 
words,  the  dedivity  of  the  channel  must  be  1  in  268,  in  order 


486  8TBAM  NAYiaATION. 

that  8,852  tonB  may  press  down  the  inolined  plane  with  a  foroe 
of  88  tons.  This  is  a  declivity  of  very  nearly  20  feet  in  the 
mile,  or  40  feet  in  two  miles,  or  80  feet  in  twice  two  miles. 
The  mean  hydraulic  depth  being  18*8  feet,  80  times  this  is  1,104> 
the  square  root  of  which  is  83*2,  which  multiplied  by  55=1,826 
feet  per  minute,  or  multiplying  by  60=109,560  feet  per  hour. 
Dividing  by  6,280,  we  get  the  speed  of  20  miles  per  hour,  which 
ought  to  be  the  speed  of  the  '  Warrior '  if  her  form  were  as 
eligible  as  that  of  the '  Fairy/  The  speed  falls  3*4  miles  an  hour 
short  of  this,  which  defect  must  be  mainly  imputed  to  the  de- 
ficient sharpness  of  the  ends  for  such  a  speed  and  draught,  and 
the  increased  resistance  consequent  on  the  greater  depth. 

In  a  paper  by  Mr.  Phipps,  on  the  ^  Resistances  of  Bodies  paai* 
ing  through  Water,^  read  before  the  Institution  of  Civil  £i^ 
gineers  in  1864,  it  was  stated  that  these  resistances  comprised 
the  Plus  Besistance,  or  that  concerned  in  moving  out  of  the  way 
the  fluid  in  advance  of  the  body;  the  Minus  Besistance,  or  the 
diminution  of  the  statical  pressure  behind  any  body  when  pot 
into  a  state  of  motion  in  a  fluid ;  and  the  Frictional  Besistance 
of  the  surface  of  the  body  in  contact  with  the  water. 

The  Plus  Besistance  of  a  plane  surface  one  foot  area,  moving 
at  right  angles  to  itself  in  sea  water,  was  considered  to  be 

64*2  X  v^ 
R  =  — ,  and  the  Minus  Besistance  was  one  half  the  Pins 

Besistance. 

For  planes  moving  in  directions  not  at  right  angles  to  them- 
selves, the  theoretical  resistances  were,  for  the  Plus  Pressure— 

o     a         ,    o      aS'64-2©* 

S  =  -,  and  E  = , 

r»'  2^    ' 

the  Minus  Pressure  being  one-half  the  above ;  where  i?  was  the 
resistance  of  the  inclined  plane ;  a,  the  area  of  the  projection 
of  the  inclined  plane  upon  a  plane  at  right  angles  to  the  direc- 
tion of  motion ;  r,  the  ratio  of  the  areas  of  the  projected  and 
the  inclined  planes ;  and  S,  the  area  of  a  square-acting  plane 
of  equivalent  resistance  with  the  inclined  plane. 

But,  besides  these  theoretical  resistances,  the  experiments  of 
Beaufoy  showed,  that  when  the  inclined  planes  were  of  moderate 
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length  only,  the  Plus  Resistance  was  considerablj  in  excess  of 
the  above ;  so  that  when  the  slant  lengths  of  the  planes  were  to 
their  bases  in  the  proportion  of 

2  to  1,  8  to  1)  4  to  1,  and  6  to  1, 

the  actual  resistances  exceeded  the  theoretical,  as 

1-1  to  1,  1-98  to  1,  3-24  to  1,  and  6-96  to  1. 

Mr.  Phipps  proposed  a  method  of  i^proximating  to  these  ad- 
ditional resistances,  hj  adding  the  constant  fraction  of  |th  of  a 
square  foot  for  every  foot  in  depth  of  the  plane  to  the  quantity 
S  previously  determined,  which  empirical  method  he  found  to 
agree  nearly  with  the  results  of  Beaufoy^s  experiments. 

The  resistances  of  curved  sur&ces,  such  as  the  bows  of  ships, 
were  adverted  to,  the  method  of  treating  them  being  t.o  divide 
the  depth  of  immersion  into  several  horizontal  Idyers,  and  then 
again  into  a  number  of  straight  portions,  and  to  deal  with  each 
portion  as  a  separate  detached  plane,  according  to  the  preceding 
rules. 

The  question  of  friction  was  then  considered.  The  experi- 
ments of  Beaufoy  were  referred  to,  giving  0*889  lb.  per  square 
foot  as  the  co-efficient  of  friction  for  a  plained  and  painted  sur- 
&oe  of  fir,  moved  through  the  water  at  10  feet  per  second,  the 
law  of  increase  being  nearly  as  the  squares  of  the  velocities,  viz., 
the  1*949  power.  Mr.  Phipps  was,  however,  of  opinion,  that  a 
surer  practical  guide  for  determining  the  coefficient  of  friction 
would  be,  by  considering  all  the  data  and  circumstances  of  a 
steam-ship  of  modem  construction,  moving  through  the  water 
at  any  given  speed.  The  actual  indicated  horse-power  of  the 
engines  being  given,  the  slip  of  the  paddles  being  known,  and  the 
Motion  and  other  losses  of  power  approximated  to,  it  was  clear 
that  the  portion  of  the  power  necessary  to  overcome  the  resistance 
of  the  vessel  might  be  easUy  deduced.  By  determining  approxi- 
mately, by  the  preceding  rules,  the  amounts  of  the  Plus,  the 
Minus,  and  the  Additional  Head  resistances,  and  deducting  them 
from  the  total  resistance,  the  remainder  would  be  the  resistance 
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due  to  the  friction  of  the  snrface.  By  this  process,  and  taking  as 
an  example,  the  iron  steam-ship  '  Leinster,'  when  perfectly  dean, 
and  going  on  her  trial  trip  80  feet  per  second  in  sea-water,  her  im- 
mersed surface  heing  13,000  sqnare  feet,  the  coefficient  of  Mo- 
tion came  out  at  4*84  lbs.  per  sqnare  foot.  Beanfoy^s  coefficient 
of  0*889  lb.  per  sqnare  foot  at  10  foot  per  second  wonld,  according 
to  the  sqnare  of  the  velocities,  amonntto  8*051  lbs.  at  80  feet  per 
second.  The  difference  between  this  amonnt  and  the  above  4*34 
lbs.  might  be  acconnted  for  by  a  difference  in  the  degree  of 
ronghness  of  the  snrfaces. 

Other  methods  for  the  determination  of  the  coeffident  of 
friction  were  then  discnssed.  One,  derived  from  the  known 
friction  of  water  running  along  pipes,  or  water-conrses,  was 
shown  to  be  considerably  in  excess  of  the  truth.  It  was  founded 
upon  the  observed  fact,  that  at  a  velocity  of  15  feet  per  second,  the 
friction  of  fresh  water  on  the  interior  of  a  pipe  was  25  oz.*  per 
square  foot.  Applying  this  to  the  ship '  Leinster,^  and  increasmg 
the  friction  as  the  square  of  the  velocities  up  to  80  feet  per 
second,  the  above  friction  would  become  100  oz.,  or  6  J  lbs.,  per 
square  foot,  which,  acting  upon  18,000  square  feet  of  surface, 
would  absorb,  at  the  above  speed,  no  less  than  4,395  H.P.,  wMlst 
the  total  available  power  of  the  engines  (after  deducting  from  the 
indicated  4,751  H.P.  /^th  for  friction,  working  air-pumps,  and 
other  losses,  and  Jth  of  the  remainder  for  the  observed  slip),  was 
only  8,421  H.P. ;  thus  showing  an  excess  of  resistance  equal  to 
974  H.P.,  without  allowing  any  power  to  overcome  the  other  re- 
sistances. The  assumption  of  25  oz.  being  the  proper  measure 
of  the  friction  per  square  foot,  at  a  velocity  of  15  feet  per  second, 
upon  the  clean  surface  of  an  iron  ship,  seemed  to  have  arisen 
from  the  opinion,  very  generally  entertained,  that  there  was  no 
difference  in  the  amount  of  friction  in  pipes  and  water-courses^ 
whether  internally  smooth  like  glass,  or  moderately  rough  like 
cast-iron,  and  that  the  surfaces  of  ships  were  subject  to  the  same 
action.  The  comparatively  recent  experiments,  in  France,  of  the 
late  M.  Henry  Darcy  were  in  opposition  to  the  above  view,  and 

*  For  sea  water  this  qnantity  mnst  be  increased  as  the  specifle  grayitj,  oral 
62-5  to  61-2. 
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showed  that  the  oonditioii  as  to  roughness  of  the  interior  of  a 
pip©  modified  the  friction  considerably.  Thus,  with  three  differ- 
ent  conditions  of  surface,  the  coefficients  were: 

A.  Iron  plate  covered  with  bitumen  made  very  smooth,  0*000482 

B.  New  cast-iron 0*000584 

0.  Oast-iron  covered  with  deposits  ....  0'00116T 
The  friction  was,  therefore,  nearly  as  1,  1|,  and  8. 

As  there  appeared  no  reason  to  doubt  the  correctness  of  M. 
Darcy's  experiments,  even  in  pipes  the  notion  of  the  friction  being 
uninfluenced  by  the  state  of  roughness  of  the  interior  could  no 
longer  be  entertained.  The  25  oz.,  previously  mentioned  as  the 
measure  of  friction  per  square  foot  for  the  interior  of  pipes  and 
water-courses,  could  not,  therefore,  be  regarded  as  a  constant 
quantity,  applicable  to  all  kinds  of  surfaces;  but  from.  Mr. 
Phipps'  calculations,  it  appeared  to  come  intermediately  between 
the  coefficients  of  the  surface  B  and  0,  given  in  the  above  scale ; 
as  at  15  per  second, 

A  would  give  13J  oz.  per  square  foot 
B  "        20  "  " 

and  0  "        40  "  " 

Besides,  there  was  another  cause  for  an  excess  of  friction  in 
pipes  and  water-courses,  over  that  upon  ships,  even  when  the 
surfaces  were  equally  smooth.  It  arose  from  the  circumstance, 
that  where  the  velocity  of  the  water  in  a  pipe,  or  open  water- 
course, was  spoken  o^  the  meaning  was,  its  average  velocity; 
wliilst  the  velocity  of  a  vessel  through  still  water  meant  what  the 
words  implied,  namely,  the  relation  of  the  vessel's  motion  to  the 
fluid  at  rest.  K  the  case  were  taken  of  a  water-course  of  such 
width,  that  the  friction  of  the  bottom  only  need  be  considered, 
with  an  average  velocity  of  flow  of  15  feet  per  second,  the  friction 
upon  the  bottom  would  be  equal  to  25  oz.  per  square  foot ;  but 
acoording  to  the  rules  generally  used,  an  average  velocity  of  15 
feet  per  second  corresponded  to  a  surface  velocity  of  16*66  feet 
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per  second,  which  was  the  velodty  with  whioh  a  vessel  should 
pass  through  still  water,  to  give  aa  eqaal  frictloa  tQ>oii  its  sides. 
Acoording  to  Beaofoy,  the  velocitj  of  16*66  feet  per  second  would 
produce  a  friction  of  *982  Ihs.  or  14*91  oz.,  where  15  feet  would 
only  give  12*2  oz.  The  difference  between  14*91  oz.  and  25  oz. 
(equal  to.  10*09.  oz.)  must,  therefore,  Mr.  Phipps  thought)  be  set 
down  to  the  different  degree  of  roughness  of  the  sur&ces  in  the 
water-course  and  the  vessel. 

Taking  then  4*34  lbs.  as  the  friction  per  square  foot  of  a  new 
iron  ship,  moving  through  the  water  at  a  speed  of  80  feet  per 
second,  it  would  be  found,  Mr.  Phipps  considered,  that  this  was 
equal  to  the  ^irr.vT  P^  o^  ^^  P^^  resistance  of  a  plane  1  foot 
square,  moving  through  the  water  at  right  angles  to  itself  at  the 
above  velocity.  Also,  as  the  resistance  of  both  plimes  increased 
according  to  the  same  law  of  the  square  of  the  velocities,  the 
ratio  of  1  to  20T'06  would  subdst  at  all  velocities. 

64*2«'  1 

The  ratio  was  — r to  4*34  lbs.  = 


2g 207*06 

Calling  the  ratio  r,  and  the  whole  frictional  surface  in  square  feet 
«,  and  Sf  as  before,  the  area  of  a  square-acting  plane  of  e^^- 
alent  resistance,  then 

/8'=«-5-r  =  «-^  207*06. 

As  an  example  of  the  application  of  the  previous  deductions, 
the  performance  of  the  steam-ship  'Leinster,'  on  her  trial  trip, 
when  going  through  sea-water  at  a  speed  of  30  feet  per  second, 
was  referred  to. 

In  this  case— 

m,  the  area  of  the  immersed  midship  section  was  836sq.ft 

dy  the  draught  of  water 13  ft. 

r,  the  reduced  ratio  of  the  slant  length  of  the  bow 

to  the  projection 10  to  1. 

r',  the  same  for  the  stem  .  .  .  .  10  to  1. 
r",  the  ratio  of  1  square  foot  of  square-acting 

plane,  to  1  square  foot  of  frictional  surfEice  207*06  to  1. 

V,  -the  velocity  in  feet  per  second         ...  30 
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to,  the  wd^t  of  a  cabic  foot  of  sea-water       .  64*211)6. 

f^  the  area  of  the  frictional  surface      .        .        •     13,000  sq.  ft* 

Oalliiig  P,  the  Fins,  or  head  resistance ;  J^  the  Mnns,  or  stem 
resistance ;  A^  the  Additional  Head  resistance ;  F^  the  Friction- 
al, or  surface  resistance ;  8^  the  area  of  a  sqnare-acting  plane 
having  an  equal  resistance  with  each  of  the  above ;  and  R^  the 
total  resistance ; 

Theii,P=  J       =8=    g5=     8-36  sq.  ft. 

«     M=\%      =^=|??^=     1-68      « 
r*  *  100 

"     ^=   ~      =/8'=  1-86      " 

7 

..      _      13000        -,  ^^^^      ,, 

207-06 


8^  69-68 


64*21}' 
B  =  69-68  X  ^         =  69-68  x  900  =  62,712  lbs 

2^ 

lbs. 

E  (Realized  Power)  =  62,712  x  30  -^  550  =  3420-66  H.P. 
W  (Gross  Power)  including  the  slip  and  other  losses,  = 

8420-66  X  ^  =  4751  H.P. 

Thus,  by  ascertaining  the  value  of  8  for  any  vessel,  which 
was  entirely  independent  of  velocity,  it  would  be  easy  to  deter- 
mine the  power  necessary  to  propel  it  at  any  required  speed,  or 
the  speed  being  given,  to  find  the  corresponding  power. 

64-2  F* 
Generally  H^Y8      ^         ^  660  (1 ) 

Or,  because  for  sea  water  64*2  was  very  nearly  equal  to  2  ^, 


y^  8 


19* 
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When  the  dip  and  other  lofses  ^ere  m  the  same  proportion  as 
in  the  'Leinster': 

yrbea  the  gross  power  was  (^ven,  and  the  velodty  vas  reqfoired ; 

—H'  X  660  li 
100  I* 

t  V=\ (4) 

64-3 

Mr.  Phipps  then  proceeded  to  examine  the  question  of  the 
influence  of  form  in  reducing  the  resistance  of  vessels. 

It  was  argued  that,  in  vessels  of  similar  type  to  the  ^Lein- 
ster,'  where  y'^ths  of  the  whole  resistance  was  due  to  friction, 
and  only  y^th  to  considerations  involving  the  question  of  'form,' 
no  minor  modifications  of  the  latter  could  have  much  effect  in 
diminishing  the  total  resistance.  The  case  of  other  vessels  of 
different  type,  more  hluff  in  the  bows  and  not  so  fine  in  the  ran, 
was  adverted  to,  and  a  particular  instance  was  discussed,  where 
the  inertial  resistance  was  supposed  to  be  equal  to  jth  of  the 
total  resistance,  and  the  slant  length  of  the  bows  to  the  base  to 
be  as  6  to  1.  If  such  a  vessel  were  altered,  so  as  to  make  the 
above  proportion  8^  to  1,  the  improvement  would  only  diminish 
the  total  resistance  by  yVth. 

The  conclusion  that  the  friction  of  ships  constitutes  the 
largest  part  of  their  resistances,  was  first  pressed  upon  me  in 
1854,  in  which  year  I  built  two  steamers  with  water-lines  formed 
on  the  principle  of  imparting  to  the  particles  of  water  the  mo- 
tion of  a  pendulum,  as  already  explained.  I  found,  as  I  expected, 
that  these  vessels  passed  through  the  water  with  great  smooth- 
ness, and  without  in  any  measure  raising  the  water  in  a  wave  at 
the  bow,  as  was  a  common  practice  in  the  older  class  of  steam- 
boats.   Nevertheless  I  did  not  obtain  a  speed  much  superior  to 

*  If  for  fresh  water  H'  x  0-9T  =  Gross  H.P. 
t  If  for  fresh  water  F+  0-99  =  Velocity. 
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that  of  vessels  less  artistioall j  formed ;  and  the  <H>nQliisioii  be- 
came ineyitable — seemg  that  all  other  known  causes  of  resist- 
ance had  been  reduced  to  a  minimxun  withont  material  benefit 
to  the  speed — ^that  the  Motion,  which  alone  remained  unchanged, 
must  constitute  the  main  element  of  resistance;  and  other  things 
being  alike,  the  friction  of  a  vessel,  as  of  a  river,  would,  in  such 
case,  be  measurable  hj  the  wetted  perimeter  of  the  cross-section. 
It  was  further  plain,  that  as  there  was  not  much  difference  be- 
tween the  resistance  of  a  vessel  formed  with  pendulum  or  wave 
curves,  and  that  of  well-formed  vessels  of  the  ordinary  configur- 
ation, any  mode  of  computing  the  resistance  applicable  in  the 
one  case  would  also  be  applicable  without  material  error  in  the 
other.  These  conclusions,  which  I  published  in  my  '  Catechism 
of  the  Steam-Engine,'  in  1856,  are  now  very  generally  accepted; 
and  when,  in  185T,  Mr.  Bankine  had  to  compute  the  probable 
speed  of  an  intended  vessel,  he  proceeded  on  the  supposition 
that  the  resistance  was  due  almost  wholly  to  friction,  and  that 
the  friction  of  a  riband  of  the  form  of  a  trochoid  or  rolling 
wave,  of  the  length  of  the  ship  and  of  the  breadth  of  the  wet- 
ted perimeter,  would  be  an  accurate  measure  of  the  resistance, 
the  trochoid  being  the  same  order  of  curv^  as  that  which  would 
be  described  by  a  pendulum.  Since,  however,  a  wave  moves  in 
different  parts  with  different  velocities,  Mr.  Bankine  concluded 
that  it  would  be  proper  to  take  this  circumstance  into  account, 
and  he  therefore,  instead  of  taking  the  actual  surface  of  the  ves- 
sel, took  a  surface  so  much  larger,  that  its  friction  would  pro- 
duce a  resistance  equivalent  to  the  increased  friction  caused  by 
the  varying  velocities  of  the  wave,  and  the  hydrostatic  pressure 
consequent  upon  the  difference  of  level  at  the  bow  and  stem, 
and  which  in  a  well-formed  vessel  is  very  small.  This  additional 
or  hypothetical  surface  Mr.  Bankine  terms  augmented  surface; 
and  by  using  this  theoretical  surface  in  his  computations  instead 
of  the  actual  wetted  surface  of  the  ship,  he  deduces  results  sin- 
gularly conformable  to  those  obtained  by  actual  experiment. 
The  amount  of  the  augmented  surface  will  vary  with  the  sharp- 
ness of  the  vessel — sharp  vessels  having  the  least  augmentation ; 
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and  the  sharpness  is  measured  by  the  sines*  of  the  angles  of  ib» 
water-lines  at  the  bow  and  stem.  I  shall  here  introdnce  Hr. 
Bankme's  able  mvestigation,  to  which  the  only  exception  that 
can  be  taken,  so  far  as  I  see,  is  that  the  reinstanoe  per  square 
foot  produced  by  Motion  in  every  part  of  the  length  of  the  Tea- 
sel is  not  the  same,  bnt  is  more  at  the  fore  part,  in  consequence 
of  the  necessity  of  putting  the  water  into  motion ;  but  after  this 
has  been  done,  the  friction  per  square  foot  of  the  further  l^gtli 
of  the  vessel  will  be  uniform. 

Ths  Besistance  due  to  IHcHonal  I^ddiea  remains  alone  to  be  con- 
sidered. That  resistance  is  a  combination  of  the  direct  and  indirect 
efifects  of  the  adhesion  between  the  skin  of  the  ship  and  the  particles  of 
water  which  glide  over  it;  which  adhesion,  together  with  the  stiffiiess 
of  the  water,  occasions  the  production  of  a  vast  number  of  small  whirlfl, 
or  eddies,  in  the  layer  of  water  immediately  adjoining  the  ship's  sor- 


*  A  sine  is  one  of  the  measures  of  an  angle.  Thus  in  the  chv 
de  A  D  0  X  (fig.  68)  the  lines  ▲  b  and  ▲  x  are  radii  of  the  circle  at 
right  angles  with  one  another,  and  o  a  is  the  sine  of  the  angle 
o  B  A,  and  D  a  is  the  sine  of  the  angle  d  b  a.  The  circle  la  sup- 
posed to  be  diyided  into  860  degrees,  so  that  a  quadrant,  or  one- 
fourth  of  a  circle,  is  00  degrees. 

In  fig.  69  the  varioas  trigonometrical  quantities  relating  to 
the  angle  a  are  graphically  represented.  The  angle  A  is  half  a 
right  angle,  or  45  degrees,  which  is  the  eighth  part  of  the  whole 
circle  of  860  degreea 

Fig.  69. 


Fig.  68. 
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fiKje.  The  veloeitj  with  which  the  particles  of  water  whirl  in  those  ed- 
dies^ bears  some  fixed  proportion  to  that  with  which  those  particles 
glide  over  the  ship's  surface;  hence  the  actual  energy  of  the  whirling 
motion  impressed  on  a  given  mass  of  water  at  the  expense  of  the  pro- 
pelling power  of  the  ship,  being  proportional  to  the  square  of  the  velocity 
of  the  whirling  motion,  is  proportional  to  the  square  of  the  velocity  of 
gliding ;  in  other  words,  it  is  proportional  to  the  JieigM  dnte  to  the  ve- 
locity of  gliding.  The  velocity  of  gliding  of  the  particles  of  water  over 
ft  given  portion  of  the  ship's  skin,  bears  a  ratio  to  the  speed  of  the  ship 
depending  on  her  figure,  and  on  the  position  of  the  part  of  her  skin  in 
question ;  and  the  height  due  to  the  velocity  of  gliding  is  equal  to  the 
height  due  to  the  speed  of  the  ship,  multiplied  by  the  square  of  the  same 
ratio.  Further,  the  mass  of  water  upon  which  whirling  motion  is  im- 
pressed by  a  given  part  of  the  ship's  skin  while  she  advances  through  a 
unit  of  distance,  is  proportional  to  the  area  of  that  part  of  the  skin,  mul- 
tiplied by  the  before-mentioned  ratio  which  the  velocity  of  gliding  of  the 
water  past  that  part  of  the  akin  bears  to  the  velocity  of  the  ship. 

Hence  the  resistcmoe  to  tTie  motion  of  the  ship,  due  to  the  production  of 
fridional  eddies  hy  a  gioen portion  of  her  shin,  is  the  product  of  the  fol- 
lowing factors : — 

I.  The  area  of  the  portion  of  the  ship's  skin  in  question. 

n.  The  cube  of  the  ratio  which  the  velocity  of  gliding  of  the  particles 
of  water  over  that  area  bears  to  the  speed  of  the  ship ;  being  a  quantity 
depending  on  the  figure  of  the  ship  and  the  position  of  the  part  of  her 
skin  under  consideration. 

IIL  The  height  due  to  the  ship's  speed;  that  is, 

(speed  in  feet  per  second)' 

(speed  in  knots)' 

or, 

22*6 

lY.  The  heaviness  (or  weight  of  a  unit  of  volume)  of  the  water 
(64  lbs.  per  cubic  foot  for  sea-water). 

V.  A  factor  called  the  coefficient  of  friction,  depending  on  the  mate- 
rial with  which  the  ship's  skin  is  coated,  and  its  condition  as  to  rough- 
ness or  smoothness. 

The  sum  of  the  products  of  the  Factors  I.  and  11.  for  the  whole  skin 
of  the  ship  has  of  late  been  called  her  Aughented  Subfacb  ;  and  the 
Eddy-resistance  of  the  whole  ship  may  therefore  be  expressed  as  the 
product  of  her  Augmented  Surface  by  the  Factors  III.  lY.  andY.  above 
mentioned.* 


*  In  algebndoal  symbols,  let  d  s  denote  the  area  of  a  small  portion  of  the  ship^s 
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The  reBistanee  thus  determined,  being  deduced  firom  the  wcnrk  per- 
formed in  producing  eddies,  includes  in  one  qnantitj  both  the  direct  tA' 
hesive  action  of  the  water  on  the  ship's  skin,  and  the  indirect  action, 
through  increase  of  pressure  at  the  bow  and  diminution  of  the  pressure 
at  the  stem. 

The  existence  of  this  kind  of  resistance  has  been  recognised  firom  so 
earl^  period.  Beaufoy  made  experiments  on  models  to  detennine  its 
amount;  Mr.  Hawkslej  and  Mr.  Phipps  hare  included  it  in  a  formnlafor 
the  resistance  of  ships ;  and  Mr.  Bourne  pointed  out  that  it  must  d^tead 
mainly  on  the  ship's  immersed  girth.  But  the  earlier  researches,  both 
experimental  and  theoretical,  throw  little  light  on  the  subject^  and  fail 
to  give  a  trustworthy  ralue  of  the  coefficient  of  firiction ;  because  in 
them  it  was  assumed  that  the  firictional  resistance  was  proportionsl  to 
the  actual  wnmentd  sutface  of  the  ressel,  and  the  yariations  of  the 
speed  of  the  gliding  of  the  water  orer  different  parts  of  that  snifiws 
were  neglected. 

When  the  Editor  of  this  treatise  f  (haying  occasion  to  compute,  in 
1857,  the  probable  resistance  at  a  giyen  speed  of  a  steam-yessel  built  bjT 
Mr.  J.  B.  Napier),  introduced  for  the  first  time  the  consideration  of  the 
auffmerUed  stir/ace^  he  adopted,  for  the  coefficient  of  Motion,  the  con- 
stant port  of  the  expression  deduced  by  Professor  Weisbaoh  firom  exper- 
iments on  the  flow  of  water  in  iron  pipes,  yiz. : 

/=-0036; 

and  that  yalue  has  giyen  results  corroborated  by  practice,  for  surfaces 
of  clean  painted  iron.  For  clean  copper  sheathing,  and  for  yery  smootii 
pitch,  it  appears  probable  that  the  coefficient  of  friction  is  somewhat 
smaller;  but  there  are  not  sufficient  experimental  data  to  decide  thai 
question  exactly.  Experimental  data  are  also  wanting  to  determine 
the  precise  increase  of  the  coefficient  of  firiction  produced  by  yarions 
kinds  and  degrees  of  roughness  and  foulness  of  the  ship's  bottom;  but 
it  is  certain  that  that  increase  is  sometimes  yery  great. 

The  preceding  yalue  of  the  coefficient  of  fiiction  leads  to  the  follow- 
ing yery  simple  rule  for  clean  painted  iron  ships : — At  tenhnoUt  iheeddy- 


skin ;  ^,  the  ratio  which  -the  yelocity  of  gliding  of  the  water  oyer  that  portion 
bean  to  the  speed  of  the  ship ;  c,  the  speed  of  the  ship ;  g^  grayity;  tA,  thehetvi* 
ness  of  the  water ;  /,  the  coefficient  of  friction ;  then 

Eddjr-resistance  —fwz-/q^  d  e ; 

/q*  ds  being  the  At^ffmented  JSwfaes. 

t  The  treatise  referred  to  is  a  *  Treatise  on  Shipbuilding,^  by  Mr.  BanUne  awl 
other  eminent  authorities,  in  course  of  publication  in  1865. 
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resisianee  is  one  pound  tt^airtk^;>aie  per  tgntare  foot  qf  augmmted  murfaee  ; 
and  vartM,  for  other  tpeede^  <u  the  square  of  the  speed, 

COMPUTATION    OF    PBOPBLLING    POWBB    AND    SPEBD. 

General  ExpUmatione, — The  method  of  calculation  now  to  be  ex- 
j^buned  and  iUnatrated  was  first  practicallj  nsed  in  1857,  under  the  cir- 
onmstances  stated.  A  verj  condensed  account  of  it,  illustrated  bj  a 
table  of  ezampleSy  was  read  to  the  British  Association  in  September, 
1861,  and  printed  in  various  mechanical  journals  for  October  of  that 
year;  and  some  further  explanations  appeared  in  a  paper  on  Waves  in 
the  'Philosophical  Transactions  for  1862.'* 

The  method  proceeds  bj  deducing  the  eddj-resistance  from  an  ap- 
proximate value  of  the  augmented  surface.  It  is  therefore  applicable  to 
those  vessels  only  in  which  eddj-resistance  forms  the  whole  of  the  ap- 
preciable resistance;  but  such  is  the  case  with  all  vessels  of  proportions 
and  figures  well  adapted  to  their  speed,  as  has  been  explained  in  the 
preceding  sections ;  and  as  for  misshapen  and  ill-proportioned  vessels, 
there  does  not  exist  any  theory  capable  of  giving  their  resistance  by  pre- 
vious compiitation. 

Computation  of  Augmented  Surface, — To  compute  the  exadt  aug- 
mented surface  of  a  vessel  of  any  ordinary  shape  would  be  a  problem 
of  impracticable  labour  and  complexity.  The  method  employed,  there- 
fore, as  an  approximation  for  practical  purposes,  is  to  choose  in  the 
first  instance  a  figure  approximating  to  the  actual  figure,  but  of  such  a 
kind  that  its  augmented  surface  can  be  calculated  by  a  simple  and  easy 
process,  and  to  use  that  augmented  surface  instead  of  the  exact  aug- 
mented surface  of  the  ship ;  care  being  taken  to  ascertain  by  comparison 
witili  experiments  on  ships  of  various  sizes  and  forms  whether  the  ap- 
proximation BO  obtained  is  sufficiently  accurate. 

The  figure  chosen  for  that  purpose  is  the  trochoid,  or  rolling-wave- 
onrve,  extending  between  a  pair  of  crests,  such  as  a  and  b  in  fig.  60 ; 

Fig.  60. 


for  by  an  easy  integration,  published  in  the  'Philosophical  Transactions 
for  1862,'  it  is  found  that  the  augmented  surface  of  a  trochoidal  riband  f 

•  A  prediction  of  the  speed  of  the  •  Great  Eastern,'  with  different  amounts  of 
engine-power,  obtained  by  this  method  of  caloolation,  was  published  in  the 
*  Philosophical  Magazine  *  for  April,  1869. 

t  This  is  the  species  of  car7e  that  will  be  described  by  a  pendulum,  the  sorlhoe 


448  STEAM  KAYIOATIOK. 

of  ft  giyen  lengfth  in  ft  straight  line,  and  of  a  given  breadth,  is  equal  to 
the  product  of  that  length  and  breadth,  multiplied  bj  the  following  00* 
ffflcierU  of  attgrneiUoHon  ; — 

1  +  4  (sine  of  greatest  obliquity)*  +  (sine  of  greatest  obliquity)* ;  the 
ffreatett  obUquity  meaning  the  greatest  angle,  b  b  d,  made  by  a  tangent, 
D  B,  to  the  riband  at  its  point  of  contrary  flexure,  d,  with  its  straight 
chord,  A  B. 

In  approximating  to  the  augmented  surface  of  a  given  ship  by  the 
aid  of  that  of  a  trochoidal  riband,  the  following  values  are  employed : 

I.  For  the  length,  ab,  of  the  riband,  the  length  of  the  ship  on  the 
plane  of  flotation. 

II.  For  the  total  breadth  of  the  riband,  the  tMon,  immerBed  girth; 
found  by  measuring,  on  the  body-plan,  the  immersed  girths  of  a  series 
of  cross-sections,  and  taking  their  mean  by  Simpson's  Bule,  or  by 
measuring  mechanically  with  an  instrument  the  sum  of  a  number  of 
girths,  and  dividing  by  their  number. 

III.  For  the  coefficient  of  augmentaUony  the  mean  of  the  values  of  that 
coefficient  as  deduced  from  the  greatest  angles  of  obliquity  of  the  series 
of  water-lines  of  the  fore-body,  shown  on  the  half-breadth  plan.  It  is 
not  necessary  to  measure  the  angles  themselves,  but  only  their  sioM. 

The  augmented  surface  is  then  computed  by  multiplying  together 
those  three  factors. 

The  Computation  of  the  PrdbdbU  Bmstance  (in  lbs.)  at  a  given  speed 
is  performed  according  to  the  rule  already  stated,  by  muU^lying  ^ 
augmented  mrfaee  ly  the  square  of  the  speed  in  hnots,  and  dividing  hylOO 
(for  clean  painted  iron  ships). 

The  process  just  described  is  virtually  equivalent  to  the  following:— 
An  ocean  wave  is  conceived  (a  c  b  in  fig.  60),  of  a  length,  a  b,  equal  to 
that  of  the  ship  on  her  water-line ;  and  having  its  steepest  angle  of 
slope,  bed,  such  that  the  function  of  that  slope,  given  in  Article  162  as 
the  coefficient  of  augmentation,  shall  be  equal  to  the  mean  value  of  the 
same  function  for  all  the  water-lines  of  the  ship's  bow.  A  solid  of  a 
breadth  equal  to  the  ship's  mean  immersed  girth  is  then  conceived  to  be 
fitted  into  the  hollow,  a  c  b,  and  to  be  moved  along  with  the  advance  of 
the  wave ;  and  the  resistance  due  to  frictional  action  between  that  solid 
and  the  particles  of  water  is  taken  as  the  approximate  value  of  the  re- 
sistance of  the  vessel. 

In  Computing  the  H'ohahle  Engine  Fbwer  required  ai  a  given  Spedt 
allowance  must  be  made  for  the  power  wasted  through  slip,  throiigl> 
wasteful  resistance  of  the  propeller,  and  through  the  friction  of  the  en- 

of  which  was  shown  by  me  in  my  *  Gatechism  of  the  Steam-Engine,^  pablished  is 
1856,  to  be  the  measure  of  the  resistance — a  concliision  dednoed  by  me  from  exptf* 
iment  several  years  before. 
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gine.  The proportioa  borne  bjthet  wasted  power  to  the  eflbetlTe  or 
net  power  onplojed  in  diiriiig  the  Teasel,  of  oonne  Tsries  eonsidtfahlj 
in  different  ships,  propellers*  snd  oigines;  but  in  seTersl  goodeztmples 
it  has  been  foond  to  differ  little  from  0*6S ;  so  that,  as  a  probable  Talue 
of  the  indicated jpower  required  in  a  well-designed  Tessel,  we  maj  take — 

net  power  x  i*63. 

Kow  an  indicated  horse-power  is  550  fooi-ponnds  per  second ;  snd  a 
knot  is  1*688  foot  per  second;  theref<»e  an  indicated  horse-power  is 

550 
j;^  =826  fcwf^KHiJHfo,  nearly  ; 

or  826  lbs.  of  gross  resistance  orercome  throng  one  nautical  mile  in  an 
hour.  If  we  estimate,  then,  the  net  oritM/Wwork  done  in  propelling 
the  ressel  as  equal  to  the  total  work  of  the  steam  diyided  bj  1*68,  we 
shall  hare 

— —  =  200  knot-pounds 
1'68 

of  net  work  done  in  propulsion  for  each  indicated  horse-power.  Hence 
the  following 

'B,xrut,^MuUiply  the  Augmented  Surface  in  eqwtre  feet  hy  the  cube  qf 
the  speed  in  hnots  and  divide  by  20000 ;  the  quotient  wiU  he  the  probable 
indicated  horse-power. 

The  divisor  in  this  rule,  20000,  expresses  the  number  qf  square  feet  <tf 
o/ugmeKted  swffaee  iohich  can  be  driven  at  one  hnot  by  one  indicated 
horse-power  :  it  may  be  called  the  CosFricnBNT  of  Pbopulsion. 

It  is,  of  course,  to  be  understood  that  the  exact  coefficient  of  propul- 
sion differs  in  different  vessels,  according  to  the  smoothness  of  the  skin, 
the  nature  of  its  material,  and  the  efficiency  of  the  engines  and  propel- 
lers ;  being  greatest  in  the  most  favourable  examples. 

In  clean  iron  ships,  with  no  evident  fault  in  shape  or  dimensions,  or 
in  the  propeller  and  engine,  it  has  been  found  on  an  average  to  be  some- 
what above  20000 ;  and  the  value  20000  may  be  taken  as  a  probable  and 
safe  estimate  of  the  coefficient  of  propulsion  in  any  proposed  vessel  de- 
signed on  good  principles.  In  every  instance  in  which  that  coefficient 
is  materially  less  than  20000,  the  shortcoming  can  be  accounted  for  by 
some  fault,  such  as  undue  bluntness  of  the  bow  or  stem. 

In  vessels  sheathed  with  copper  or  coated  with  smooth  pitch,  the  co- 
efficient of  propulsion  is  unquestionably  greater ;  but  in  what  precise 
proportion  it  is  at  present  difficult  to  say,  owing  to  the  scarcity  of  ex- 
perimental data. 

Computation  of  I^obdble  Speed,— "WheD.  the  augmented  surface  of  a 
ship  has  been  determined,  her  probable  speed  with  a  given  power  is 
computed  as  follows : — 


450  STEAM  NAVIGATION. 

JfvUiplfthemdicaUdMorse^fower  by  the  Coeficieni  of  Propulsion  (say 
for  clean  iron  ships,  20000) :  clMnde  hy  theAugmerUed  Swrface^  and  extrad 
the  cube  root  of  the  quotient  for  the  probable  speed  in  knots. 

Example  I. — Calculation  of  Probable  Speed  of  H.  M.  S.  'Warrior.* 

Displacement  on  Trial 8997  tons 

Draught  of  Water "{iA^!!*::;  26-TO '^*'**' 

Water-Umi.  Slneof  ObllqultT.             Sqoara  of  Sine.                4fli  power  of  and 

L.W.L    -STO  -1869  KH874 

2  W.L    -SIS  '0992  -00984 

8  W.L    -290  -0841  -00707 

4  W.L    -266  -0702  -00492 

6  W.L    -286  -0652  -00804 

6  W.L    -166  '0272  -00074 

Keel       -000  -0000  00000 


Means -0674    -00688 

1  +  (4  X  -0674)  +  -OOSSS  =  1*275,  Coefficient  of  Augmentation. 

Half-glrtlii  flrom  Body-plan  Slmpaon'i  r>^^„^t» 

^         Foot  '*^                   MaltipUen.  PR>duct«. 

21-0        1        21-0 

27*2 4        108-8 

80-8        2        «1« 

846        4        188-4 

88-8        2        77.6 

41-6        4        166-0 

42-6        2         85-2 

44-0     4     nao 

44-0        2        88-0 

44-0        4        17aO 

48-8        2        86-6 

42'1        4        168-4 

40-8        2        80-6 

881        4        162-4 

86-0        2        72-0 

85-0        4        140-0 

82-0        1        82^0 


DiTideby 8)1880-6  Sum. 

Divide  by  *  number  of  Intervals. 8)  6-012 

Mean  Immersed  Girth 76'8 

X  Length 880 


Product 28994 

X  Coefficient  of  Augmentation 1-275 


Augmented  Surface 86979  Square  Feet 

Indicated  Horse-power  on  Trial 5471 

X  Coefficlentof  Propulsion 20000 

Divide  by  Aug.  Surface 86979)109,420,000  Product 

Cube  of  Probable  Speed 2969 

Probable  Speed,  computed. 14*856  Ejiots. 

Actual  Speed,  on  "n-lal 14-854 

Difference *002 
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EzAMPLB  n. — ^H.  M.  S.  '  Fairy  *  will  next  be  taken  as  an  example,  on 
account  of  the  great  contrast  in  size  between  her  and  the  'Warrior.' 

DiBplacement 168  tons. 

Braaghtof  Water 4*88  feet. 


Waim-Vnm. 
L.W.L    

BineofObUqolty. 

1 • • • •      • • •          aO        •  •  •  •  •  •  • 

•23    

Square  of  Sine. 
-0629     .... 

Fourth  power  of  Sine. 
-0028 

3S       TT  T  "              •  •  •   • 

-0484     .... 

-0441     .... 

-0289     .... 

0     .... 

-ooss 

8   Vr  .L       •  •  •  • 

4      vfml^            •  •  •  1 

•  •  •  •  •      •  •           ^X         ••••••• 

'IT    

-0019 

-0008 

, 0    

0 

Means -0804  -0015 

1  +  (4  X  •0304)  +  "OOIS  =  1-128,  Coefficient  of  Augmentation. 

Length  on  Water-line 144  Feet. 

x  Mean  Immersed  Girth  (measured  mechanically  with 

an  Instroment 19 

X  Coefficient  Augmentation 1*128 

Augmented Sur&ce 8072  SqnareFeet 

Indicated  Horse-power,  on  Trial * 864 

X  Coefficient 


se-power,  on  inai t »04 

of  rropulslon 20000 


•4-  Augmented  Sur&ce. 8072)7,280,000  Product 

Cubeof  Probable  Speed 2870 

Probable  Speed,  computed 18*888  Knots. 

Actual  Speed,  on  Trial 18*824 

DifTerenoo -009 

The  'Fury'  occurs  in  the  table  of  examples  given  in  the  paper  of 
1861,  already  referred  to :  in  the  present  paper  the  measurements  have 
been  reyised  and  improved  in  precision,  especially  as  regards  the  co- 
efficient of  augmentation.    The  difference  in  the  result  is  but  small. 

ExAMPLB  m. — ^H.  M.  S.  'Victoria  and  Albert' — ^a  wooden  vessel, 
sheathed  with  copper,  will  now  be  employed,  not  to  illustrate  the  com- 
putation of  probable  power  at  a  given  speed,  or  of  probable  speed  at  a 
given  power ;  but  to  compute  a  value  of  the  coefficient  of  propulsion 
for  a  copper-sheathed  vessel. 

Displacement  on  Trial  Trip 1980  tons. 

Draught  of  Water j  Aft  .T!!^: ! ! !  14*-0 '*"*" 

Water-linei.  Bine  of  Obllqaity.  Square  of  Sine.  4«li  power  of  Slnei. 

L.W.L  -19    -0861       -0018 

2  W.L  '185 •0842    •0012 

8  W.L  -17    -0289    -0008 

4  W.L  *14    0196    -0004 

Keel  0    0    0 


Means '02S2    KKKm 

1  -I-  (4  X  •0202)  -I-  -OOOS  s  1^102,  Coefficient  of  Augmentation. 
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Length  on  Water-line 800  Feet 

X  Mean  ImmerBed  Girth  (measured  medianlcally  wltn 

an  Instroment) 40 

X  CoefElcient  of  Augmentation 1*102 

Augmented  Snrfluse 18824  Square  Feet 

X  uubeof  SpeedlnKnota IT*  =  4918 

^  Indieated  Horse-powor  on  Trial 898D)6<909,518  Produet 

OoefBlcient  of  Propulsion 21,002 

Had  the  probable  speed  been  oomputed  with  the  ooeffieleoit  of  propulsion 
20000,  the  result  would  have  been  16*58  Knots,  instead  of  17. 

ProportioM  of  Length  to  Brtadih. — ^Principles  which  have  been  al- 
ready explained  fix  the  Ucut  abaohtU  length  suitable  for  a  vessel  which  is 
to  be  driyen  at  a  given  speed.  But  after  that  least  length  has  been 
fixed,  a  question  may  arise  as  to  whether  that  least  length,  or  a  greater 
length,  is  the  most  economical  of  power.  That  question  is  answered  bj 
finding  the  proportion  of  length  to  breadth,  which  gives  the  leagt  aug- 
mented surface  with  the  required  displacement. 

That  proportion  can  be  found  in  an  approximate  way  only;  because 
of  the  approximate  nature  of  t<he  process  by  which  the  augmented  sar- 
face  itself  is  found.  The  following  are  some  of  the  results  obtained  io 
certain  cases : — 

I.  When  the  proportion  of  breadth  to  draught  of  water,  and  the 
figure  of  cross-section,  are  fixed,  so  that  the  mean  girth  bears  a  fixed 
proportion  to  the  breadth,  it  appears  that  the  proportion  of  length  to 
breadth  which  gives  the  least  augmented  surface  for  a  given  displace- 
ment, is  about  7  to  1. 

II.  When  the  absolute  draught  of  water  is  fixed,  the  proportion  of 
length  to  breadth  which  gives  the  least  augmented  surface  for  a  giTen 
displacement  depends  on  the  proportion  borne  by  the  draught  of  water 
to  a  mean  proportional  between  the  length  and  breadth,  and  on  the 
figures  of  the  cross-sections.  The  following  are  some  examples  for  flat 
bottomed  vessels : — 

(yl^ngthxBre^ith)^^^^^      7  tolO;  12tol6;  IT  to  88; 

Draught  '  »  i  f 

S         '=       «'       »'       ^-^ 

ni.  By  cutting  a  vessel  in  two  amidships,  and  inserting  a  straight 
middle  body,  the  proportion  borne  by  her  resistance  to  her  displace- 
ment is  always  diminished ;  because  the  midship  section  has  a  less 
mean  girth  in  proportion  to  its  area  than  any  other  cross-section  of  the 
ship ;  and  therefore  the  new  middle  body  adds  proportionally  less  to 
the  augmented  surface  than  it  does  to  the  displacement. 

lY.  It  does  not  follow,  however,  that  a  straight  middle  between 
tapering  ends  is  the  most  economical  form ;  for  by  adopting  continnonf 
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cnrves  from  bow  to  stem  for  the  water-linesy  instead  of  the  lines  com- 
pounded of  curyed  ends  and  a  straight  middle,  the  same  length,  the 
same  displacement,  and  almost  exactly  the  same  mean  girth  may  be 
preserred,  and  the  obliquity  of  the  water-Hues  at  the  entrance  dimin- 
ished. 

GENERAL  CONCLUSIONS. 

The  principal  conolusions  to  be  drawn  from  the  foregoing  ex- 
position are  the  following : — 

1st.  That  the  bulk  of  a  ship  should  be  equal  to  half  the  bulk  of 
the  circumscribing  parallelepiped,  supposing  the  areas  of  all  the 
oross-sections  have  been  translated  into  the  form  of  a  rectangle. 

2d.  That  the  sectional  area  of  each  suocessiye  frame  should 
vary  as  the  square  of  the  distance  from  the  stem  or  stem,  xmtil 
[ihe  points  midway  between  the  midship  frame  and  the  stem  or 
item  have  been  reached,  and  that  the  areas  at  all  the  frames 
should  vary  in  the  manner  already  pointed  out. 

8d.  That  it  is  better  to  place  the  midship  frame  before  the 
centre  of  the  ship,  in  order  that  any  wave  raised  at  the  stem 
may  be  suflSciently  far  forward  to  assist  the  propulsion. 

4th.  That  the  horizontal  water-lines  should  be  pendulum  or 
trochoidal  curves,  or  such  equivalent  curve  as  will  enable  the 
progressive  displacement  to  follow  the  prescribed  law,  and  that 
the  transverse  section  should  be  formed  with  similar  curves  made 
as  nearly  as  possible  coincident  with  a  semicircle. 

5th.  That  nearly  the  whole  of  the  resistance  in  a  well-formed 
vessel  is  made  up  of  friction,  and  that  the  friction  per  square 
foot  of  surface  is  less  at  the  stem  than  at  the  bow,  but  that  the 
law  of  variation  is  not  known.  Also,  that  at  a  certain  point  of 
tJie  length  the  water  adhering  to  the  ship  will  attain  its  maxi- 
mum velocity,  and  thereafter  every  foot  of  the  length  will  have 
l^e  same  resistance. 

6th.  That  the  friction  is  diminished  by  making  the  bottom 
fair  and  smooth,  and  by  coating  it  with  a  suitable  lubricant,  and 
ihat  a  portion  of  the  power  expended  in  friction  may  be  recov- 
3red  by  making  the  stem  part  of  the  vessel  to  overhang  near  the 
vrater-line,  so  as  to  be  propelled  by  the  upward  motion  of  the 
3Urrent  whioitt  the  friction  generates,  and  also  by  placing  the 
propeller  in  the  stem  or  quarters  instead  of  at  the  sides 
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-  7th.  That  both  bj  Boolton  and  Watt's  meOtod  and  bj  Ul 
Bankine's  method  the  apeed  of  a  Bteamer  may  be  aointratdr  pn- 
dieted.  Bonlton  and  Watt,  by  whom  the  screw  en^pnes  of  the 
'Great  Eastern'  were  made,  predicted  that  the  speed  of  the  Tea- 
sel would  be  16*67  statnte  miles  with  10,000  actual  horae-pover. 
Not  more  than  8,000  horee-power  were  aotaallf  geoen^ln 
oonseqnence  of  a  defldenoy  of  et^am.  Bnt  on  trial  the  Bp«J 
was  fonnd  to  be  as  nearly  as  possible  what  it  onght  to  be  sooord- 
ing  to  their  mle  witb  this  proportion  of  power.  The  ooefficient 
they  employed  for  statnte  miles  in  making  this  computation  wu 
flOO,  which  is  also  the  coefficient  tbey  habitually  nse  in  the  ew 
of  &st  river  boats  of  eoaaderable  dze  and  good  form. 

8tb.  That  any  expedient  for  diminishing  the  re^atance  <^ 
well-tbrmed  Tcsaels  to  be  of  material  efficacy  most  have  for  iU 
object  the  diminution  of  the  Motion  of  the  bottom,  either  bj  re- 
ducing the  adhewon  of  the  particlea  of  water  to  the  ship,  m  to 
one  another,  or  both ;  and  also  by  making  the  adhering  snr&w 
as  small  as  posfdlile. 

EXAUPLES  OF  LINES  OF  APPROVED  STEA1IEB9. 

In  fig.  61  we  have  the  body-plan  of  H,  M,  screw  yacht  'Fa- 
ry,'  144  feet  8  inches  long  between  perpendiculars;  and  the  ho^ 

Kg.  61. 


izontal  water-lines  can  easily  be  constmcted  from  the  body.pto, 
by  dividing  the  length  by  the  number  of  vertical  lines  or  ftanie* 
and  by  setting  offat  each  diviwon  the  given  breadth  of  each*"' 
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ter  Ime  at  that  part  The  Tairj '  ie  S13  tons,  21  feet  1)  iaoh 
extreme  breadth,  and  haa  li'i  square  feet  of  immersed  sectiim  at 
8  feet  draught.  8he  is  propelled  bj  two  oscillating  geared  ea- 
^nea  at  43  inohea  diameter  of  cjUnder  and  S  feet  stroke,  and  has 
attained  a  speed  of  18*8  knots  per  hour,  ezertmg  3688  indicated 

The '  Battler '  is  176  fbet  6  inches  long  between  perpendica- 
hm,  82  fbet  Bi  inches  extreme  breadth,  B88  tons  bnrden,  8M 
tana  diqtlaoement  at  11  feet  SJioches  mean  draught,  281 '8  sqnare 

Fig.ea. 


feet  of  immersed  section,  and  is  propelled  b;r  geared  engines  of 
aOO  nominal  horse-power.  With  428  indicated  horee-power  she 
attuned  a  speed  of  10  knots— a  high  result,  impotable  partly  to 
her  good  t<ma  for  such  speed,  and  partly  to  the  smoothness  of 
the  copper  sheathing— the  'Battler'  being  a  wooden  vessel. 

In  the  steamer  '  Bremen,'  which  has  given  a  very  favoorabla 
remit  in  working,  the  length  of  keel  and  fore-rake  is  318  feet; 
.  the  breadth  of  beam  40  feet;  depth  of  hold  26  feet;  tonnage, 
hnilder's  meosnrement,  2,500  tons ;  power,  two  direct-acting  in- 
verted cylinder  engines,  with  cylinders  of  90  inches  diameter 
and  8^  fbet  stroke.    Wiik  a  druight  of  18}  feet  the  disphtoe- 
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ment  vaa  8,440  toua,  the  area  of  inuDersed  setitioii  606  eqnan 
feet,  and  with  the  engines  working  to  1,6M  horse-power  the 
epeed  attidned  was  18-10  knots. 

ilg.  64  is  the  bod;'  plan  of  the  Cnnard  eteamer  'Perna.' 

The  vertioal  »eotioDB  are  17}  feet  fhnn.  one  another,  and  the 
breadth  of  the  vessel  is  4G  feet.  The  engines  are  tdde  lever; 
cylinders  100  inches  diameter  and  10  feet  stroke,  making  18 
strokes  per  minnte.  The  dallj'  oonsamplioii  of  oools  in  ei^t 
boilers  containing  40  ftamaoes  is  ISO  tons,  and  the  pressare  of 

Kg.  SB. 


the  steam  b  26  lbs.  per  square  inch.  The  performance  of  th« 
'Persia'  has  been  very  satiafectorj ,  except  that  she  wai 
strong  enongh  in  the  deck  and  had  to  be  strengthened  there,  and 
she  has  a  great  deal  loo  mnch  iron  in  the  shape  of  ii'ames,  whicli 
oondnoe  to  weakness  rather  than  to  strength.  The  paddle- 
wheels  are  40  feet  in  diameter,  and  the  floats  are  10  feetloiK 
and  3  feet  wide. 

In  fig,  65  the  body  plan  of  the  iron-plated  steamer '  Warrior' 
is  given,  and  66  is  a  transverse  section  of  the  some  vessel,  shov- 
ing the  gnns.  The  '  Warrior '  is  an  iron-clad  steamer  of  6,DD 
tons,  380  feet  long,  58  feet  broad,  and  1,250  horse-power;  i 
with  the  exertion  of  G,460  aotnal  horse-power,  and  at  2S  fed 
dranght,  and  with  an  area  of  immersed  section  1,219  sqoarefetl, 
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she  realised  e,  speed  of  14-8  knots.  The  ntilit]'  of  such  veeaels  as 
the  'Warrior'  does  not  promiBo  to  be  congiderable,  and  in  fact 
the  whole  idea  of  conatrncting  ships  that  would  be  impenetrable 
to  shot  tnniB  out  to  be  a  complete  delusion,  as  was  plainly  per- 
ceived by  a  nnmber  of  oompeteut  observers  would  necessarily  be 

Fig.  64. 


the  cose  before  the  expensive  demonstrations  were  resorted  to 
which  the  Admiralty  has  thought  fit  to  institute.  If  there  had 
been  any  natnral  law  which  restricted  flie  penetrating  power  of 
ordnance  to  the  narrow  hmlta  hitherto  exiadng,  there  would 
have  been  some  reason  in  the  conclusion  that  by  making  the  iron 
ddes  of  ships  very  thick  the  shot  would  have  been  prevented 
20 
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from  penetratdng  than.  Bnt  two  flicts  were  qoite  -well  known ; 
first,  tliat  a  steel  pnnch  maj  be  made  to  pierce  an  iron  plate  how- 
ever thick,  if  the  diameter  of  the  punch  be  equal  to  the  thick- 
ness of  the  iron  i  and,  secondlj,  that  by  increasing  the  dhnen- 
sions  of  the  pm  an  amonnt  of  projeclale  force  oould  be  obtained 
that  would  suffice  for  the  punching  through  of  any  thickness 
whatever.  The  amount  of  this  force,  and  of  the  dimenaong  of 
Fig.  65. 


gun  reqniaite  to  produce  it,  are  of  perfectly  simple  compotatdon- 
The  punching  pressure  is  aboat  tho  same  as  that  reqniredtotesr 
asunder  a  bar  of  iron  of  the  some  sectional  area  as  the  surface 
out  by  the  pnnch,  which  is  about  60,000  lbs.  per  square  inch; 
and  this  pressure  must  act  through  snch  a  distance  as  will  suffica 
to  overcome  the  continuity  of  the  metal.  The  distance  throogli 
which  iron  stretches  before  it  breaks  is  quite  well  known,  and 
this  distsnce,  multiplied  by  the  separating  pressure  per  sqaara 
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inch,  gives  a  measure  of  the  power  required.  The  velocity  of 
cannon  balls  is  also  known,  and,  by  the  law  of  falling  bodies,  the 
height  fix)m  which  a  body  must  descend  by  gravity  to  acquire 
that  velocity  can  easily  be  determined;  and  the  weight  of  the 
ball  in  lbs.,  multiplied  by  tliis  height  in  feet,  must  fdways  bo 
greater  than  the  punching  pressure  in  lbs.  multiplied  by  the  dis- 
tance in  parts  of  a  foot  through  which  iron  stretches  before  it 
breaks,  else  the  ball  will  not  penetrate.    We  have  by  no  means 

Fig.  66. 
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reached  the  limit  of  the  power  of  projectiles,  nor  is  the  explora- 
tion of  those  limits  yet  begun.  Piston  guns  may  be  made  in 
which  the  projectile  would  consist  of  a  cigar-like  body,  or  thun- 
derbolt, with  spiral  fins  supporting  a  wooden  piston  or  wad, 
which  would  transmit  to  a  projectile  of  small  diameter  the  pow- 
er generated  in  a  cylinder  of  large  diameter.  A  gun  is  virtually 
a  cylinder,  and  the  baU  is  the  piston ;  and  the  power  given  to 
the  ball  will  be  represented  by  the  pressure  exerted  by  the  ex- 
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plodmg  powder  multiplied  hj  the  capadty  of  tiie  gun.  As,  how- 
ever, there  are  practical  Ihnits  to  the  length  of  a  gun,  it  maj  be 
advisable  to  increase  the  diameter,  in  order  to  get  the  requisite 
power.  Bat  this  mnst  be  done  without  increasing  the  diameter 
of  the  ban,  which  wonld  encounter  greater  redstance  if  made  too 
large ;  and  piston  guns  are  the  obvions  resource  in  such  a  case — 
the  piston  being  so  contrived  that  it  would  be  left  behind  bj  the 
ball  so  soon  as  it  had  left  the  mouth  of  the  gun,  and  had  acquir- 
ed all  the  power  which  a  piston  could  communicate.  The  pro- 
jectile itself  should  have  a  sustaining  power  as  weU  as  a  pro- 
jectile one,  to  which  end  it  should  contun  a  certain  quantitj  of 
rocket  composition  that  would  bum  during  the  flight  of  the  ball ; 
and  as  the  velocity  of  the  ball  would  be  high,  the  rocket  gas 
would  operate  with  little  slip,  and  with  much  greater  efficiency, 
therefore,  than  in  rockets.  The  spirfd  feathers  would  cause  the 
projectile  to  revolve  in  its  flight,  in  the  same  manner  in  which  a 
patent  log  is  turned  by  the  water ;  and  any  need  for  rifling  the 
gun  would  thus  be  obviated,  as  the  air  would  act  the  part  of  the 
rifle  grooves.  By  these  means  far  greater  ranges  and  far  greater 
accuracy  of  aim  may  be  obtained  than  is  at  present  posdble,  and 
it  needs  no  great  perspicacity  to  see  that  the  success  of  maritime 
warfere  will  henceforth  depend  on  the  speed  of  the  vessels  em- 
ployed, and  the  range,  force,  and  aocuracy  of  the  projectiles.  A 
small  and  very  swift  steamer  with  projectiles  of  the  kind  I  have 
described  would  be  able  to  destroy  at  her  leisure  a  vessel  like  the 
*  Warrior,'  while  herself  keeping  out  of  range  of  the  best  existing 
guns  which  the  assailed  vessel  could  bring  to  bear  against  her 
opponent.  With  great  accuracy  of  aim,  and  by  choosing  a  posi- 
tion where  the  wind  would  have  little  disturbing  influence,  a 
large  vessel  could  be  struck  at  a  distance  at  present  deemed  chi- 
merical, and  a  few  of  such  vessels  as  I  have  described,  without 
any  armour  at  all,  would  speedily  disable  any  vessel  which  was 
not  provided  with  the  same  species  of  projectile.  Even  if  the 
large  vessels,  however,  were  to  be  armed  with  projectiles  of 
equal  range  and  power,  the  advantage  would  still  be  with  the 
small  vessels,  as  they  would  be  more  difficult  to  hit ;  and  by 
taking  up  an  external  position  and  firing  their  guns  in  converg- 
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ing  lines,  of  which  the  assailed  object  would  be  the  focus,  a  great 
advantage  would  be  given  in  the  attack. 

The  vessels  called  Monitors,  recently  constructed  in  America, 
and  which,  I  believe,  owe  their  most  valuable  features  to  the 
talents  of  Ericcson,  the  emiuent  Swedish  engineer — ^whose  ser- 
vices were  lost  to  this  country  through  the  incapacity  of  the  Ad- 
miralty at  the  time  of  the  introduction  of  the  screw-propeller — 
are  a  very  judicious  embodiment  of  the  leading  principles  of  iron- 
clad vessels  so  as  to  secure  the  greatest  possible  efficiency.  The 
constructors  of  those  vessels  saw  that  the  thickness  of  the  sides 
must  be  very  much  greater  than  it  is  in  our  iron-clads,  to  pre- 
vent heavy  shot  from  going  through  them ;  and  this  thickness  is 
reconciled  with  the  usual  buoyancy  by  making  the  sides  of  the 
vessel  very  low,  so  that  only  a  small  area  has  to  be  protected. 
Very  powerful  guns  are  employed  in  these  vessels;  and  as  it. 
would  be  difficult  to  manoeuvre  such  guns  by  hand,  a  steam-en- 
gine is  introduced  for  this  purpose,  which  gives  great  facility  in 
thehandhng.  To  protect  the  guns  and  gunners  from  hostile 
shot,  they  are  placed  ia  towers  of  iron,  the  metal  of  which  is  15 
inches  thick,  and  these  towers  are  turned  like  a  swing-bridge  to 
enable  the  gun  to  be  pointed ;  but  the  mechanism  is  so  contriv- 
ed, that  the  hand  of  a  child  acting  on  the  engine  wiU  suffice  to 
move  the  tower.  Admiral  Porter  states  that  a  Monitor  of  this 
construction  would  be  able  to  cross  the  Atlantic,  and  attack  and 
sink  our  iron-clads  at  her  leisure,  without  being  herself  liable  to 
injury ;  and  I  think  he  is  right  in  his  conclusion,  though  it  was 
a  most  indelicate  thing  for  him  to  have  indicated  such  an  occu- 
pation for  this  class  of  vessels.  But  persons  who  infer  the  help- 
lessness of  this  country  to  resist  such  attacks,  from  the  imbecili- 
ty of  the  Admiralty,  will  find  themselves  mistaken ;  and  there 
are  obviously  two  ways  in  which  such  Monitors  could  be  de- 
stroyed. Those  vessels,  though  immensely  strong  above  the 
water,  are  weak  below,  being  there  without  armour,  as  they  are 
protected  from  shot  by  the  water.  But  a  vessel  like  the  '  War- 
rior,' if  armed  in  a  line  with  the  keel — or  a  little  above  it — with 
a  great  steel  blade  or  horn  40  or  50  feet  long,  would  by  running 
against  a  Monitor,  break  into  the  bottom  and  sink  her.    Such  a 
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conflict  would  be  like  a  sword-fish  attacking  a  whale ;  and  the 
horn  or  blade  would  in  no  way  aflEect  the  steering  of  the  vessel, 
as  it  would  only  virtually  make  her  so  much  longer.  Another 
way  in  which  Monitors  could  be  destroyed,  is  by  running  oyer 
them.  As  they  are  not  many  feet  out  of  the  water,  to  submerge 
them  for  a  few  feet  more,  by  placing  a  corresponding  weight 
upon  their  deck,  would  sink  them  altogether ;  and  if  we  suppose 
a  vessel  with  a  very  raking  stem,  and  so  trimmed  by  the  stem  as 
to  bring  the  forefoot  out  of  the  water,  to  be  run  against  a  Moni- 
tor, it  will  be  obvious,  if  the  vessel  be  a  large  and  heavy  one,  and 
the  speed  of  propulsion  be  high,  that  she  would  run  up  on  the 
deck  of  the  Monitor,  and  sink  her  at  once.  The  weight  and 
speed  of  vessel  that  would  work  this  catastrophe  in  the  case  of 
any  given  Monitor,  is  matter  of  simple  calculation ;  and  it  is 
quite  an  error,  therefore,  to  imagine  that  any  Monitor  yet  con- 
structed might  not  be  promptly  disposed  of.  Certainly  they 
might  be  made  tight,  like  diving-bells,  so  that  even  if  sunk  and 
ridden  over,  they  would  come  up  again.  But  this  would  be  a 
difficult  thing  to  do ;  and  even  if  it  were  done,  the  next  step 
would  be,  that  the  attacking  vessel  would  not  go  over,  but  would 
stop  upon  them.  No  doubt  the  Monitor  might  as  eaaly  run 
into  the  attacking  vessel  as  the  attacking  vessel  into  her,  pro- 
vided the  Monitor  had  equal  speed.  But  the  construction  of 
Monitors  is  not  favourable  for  speed ;  and  if  speed  is  to  settle 
the  question,  there  is  no  need  for  iron  plating.  The  fact  is,  such 
infallible  recipes  for  victory  as  Monitors  are  supposed  to  consti- 
tute, almost  always  break  down.  I  believe  that  such  vessels 
may  be  made  sea- worthy ;  they  may  be  made  impenetrable  to 
any  guns  at  present  in  our  navy,  and  the  guns  they  mount  may 
be  able  to  riddle  our  iron-clads  like  so  many  ships  of  card-board. 
All  that  I  grant.  But  guns  can  be  made  to  go  through  the  tow- 
ers and  sides  of  Monitors,  though  twice  as  thick  as  they  are ;  all 
the  existing  Monitors  can  easily  be  outstripped  in  speed ;  and 
vessels  with  steel  horns  may  rip  up  their  bottoms,  and  ves- 
sels built  with  greatly  slanted  stems  may  be  made  to  run  over 
and  sink  them.  It  is  true  there  are  the  guns  of  the  Monitor  to 
be  encountered  by  the  attacking  vessel.    But  if  that  vessel  has 
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seyerfd  decks,  and  if  the  deck  over  the  main  hold  be  made  into 
a  water-tank,  with  water-tight  trunks  communicating  between 
the  hold  and  the  decks  above,  a  shot  between  wind  and  water 
would  not  let  water  in,  as  the  space  is  filled  with  water  already; 
and  the  attacking  vessel,  therefore,  could  not  be  sunk  by  any  fire 
the  Monitor  could  bring  against  her,  unless  it  could  be  made  to 
pierce  through  the  sea  so  as  to  enter  the  lower  hold  by  which 
the  fiotation  is  ^ven.  With  the  low  elevation  of  the  Monitor 
turrets,  however,  this  does  not  appear  to  be  a  probable  contin- 
gency. Small  rocket-vessels,  propelled  at  a  high  speed  by  rock- 
et gas  issuing  at  the  stem  beneath  the  water,  will  probably  be 
used  in  actual  warfare  for  many  purposes ;  and  the  same  resource 
may  be  employed  temporarily  to  increase  the  speed  of  large 
steamers.  If,  for  example,  the  iron-clads  of  the  '  "Warrior '  type 
had  a  tube  opening  beneath  the  water  at  each  quarter,  out  of 
which  rocket  flame  and  gas  were  made  to  issue,  the  speed  of  the 
vessel,  while  the  emission  lasted,  would  be  increased ;  and  this 
temporary  acceleration  might  suffice  to  give  her  a  decisive  supe- 
riority over  an  opponent 
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884 
Film  of  water  moving  with  a  ship,  428 
Fire  bars  of  locomotiyes,  814 
Fishes,  shape  of^  translatable  into  that  of 

ships,  407 
Flaud,  pumps  by,  886 
Flax  mills,  895 

Floating  bridge,  diagrams  from,  856,  866 
Flour  mill,  887 
Fines,  proper  sectional  area  of^  810,  811 

—  boilers,  proper  proportions  of,  811 
Flues,    sectional    area    of,  required   to 

evaporate  a  cubic  foot  of  water  per 
hour,  814 

—  collapsing  pressure  ot,  827 
Fluids,  motion  ot,  100 

Fly-wheels,  momentum  of^  106 ;  burst- 
ing velocity  of,  110 

—  should  have  power  equal  to  six  half 
strokes,  216 

Fly-wheel,  Boulton  and  "Watt's  rule  for 
the,  228 

—  shaft,  239,  240 

Force,  conservation  ot,  78 

—  centrifugal,  107 ;  how  to  measure,  108 ; 
bursting  velocity,  110 

—  of  dilatation,  1^ 

—  elastic,  of  steam  at  different  temper- 
atures, by  M.  Begnault,  159 

Form  of  least  resistance  in  ships,  402 

Formula  for  determining  the  speed  of 
steamers,  76 

Foot  valve,  passages  to  find  the  proper 
area  of,  228 

Fractions,  nature  of,  5;  vulgar,  5;  deci- 
mal, 6 

—  multiplication  by,  9 

—  nature  and  properties  of,  81 ;  how  to 


GBA 

reduce  a  fraction  to  its  lowest  tenn& 
88 

—  addition  and  subtraction  of^  84 

—  how  to  reduce  a  common  denominator, 
86 

—  multiplication  and  divirion  of^  88 

—  squares  and  square  roots  0(^45 

—  cubes  and  cube  roots  ol^  48 

—  resolvable  into  infinite  series,  66 
Fractional  exponents,  62 

Frame,  midsnip,  of  ships,  best  position 
of,  417 

Franklin  Institute,  experiments  on 
steam  by,  157 

French  Academy,  experiments  on  steam 
by,  157 

Friction,  118;  coefficient  of  119;  experi- 
ments on,  by  Morin  and  Bochet,  118 

—  of  crank  pins,  120 

bearings  varies  with  the  pressure, 

121 ;  relations  of  pressure  and  velocity, 
122 

Friction  of  fiowing  watw,  199 

engines,  867 

water  in  pipes  does  not  vary  with 

the  pressure,  429 

bodies  moving  in  water  varies  with 

nature  of  surface,  489 

the  bottom  the  main  source  of  re- 
sistance in  ships,  428 

bottom  of  steamer,  *  Leinster,'  438 

Fuel,  different  kinds  ofl  heating  power, 
175 

—  consumed  per  Indicated  horse  powei 
per  hour  at  Chelsea  "Water-works,  868 

Fulling  mills,  894 
Furnaces,  temperatures  ot,  178 
rates  oi  combustion,  179 

—  importance  of  high  temperature  of^  877 


r\  AS  into  a  vacuum,  velocity  ot,  102 
Vj   Gases,  dilatation  and  compression  oA 
148, 144, 146 

—  and  vapours,  difference  between,  158 

—  liquefied  by  cold  and  pressure,  158 

—  specific  heats  of,  164,  165;  densities, 
volumes,  and  rates  of  expansions  of^ 

.166 

Gearing,  differential,  86 
Gearing,  proportions  proper  for,  281 
Gibs  and  cutters  of  crosshead,  258 

side  rods.  260 

through  crosstall,  266 

air-pump  crosshead,  280 

air-pump  side  rods,  286 

Glffard's  injector,  888 

Glass  works,  897 

Governor  for  steam  engines,  117 

—  to  determine  the  rignt  proportions  of 
the,  281 

Grate  coal  burned  on  each  square  foot  is 
different  boilers,  814 
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Grate  surface  to  eyaporate  a  cubic  foot 
per  hour,  814 

— ^Dars  per  nominal  horse-power  in 
steamers,  815 

Gravity,  nature  of,  98 

Gudgeons  in  side  lever,  269 

Guns,  piston,  460 

Gyration ,  centre  of^  112 ;  to  find  the  posi- 
tion of,  118 

Gyroscope,  phenomena  of  the,  98 

Gwynn^B  centrifagal  pump,  8o6 


*TTANSA^    steamer,    proportions    of 
Jj.    machinery  of^  814 
Haystack  boiler,  816 
Heat,  motive  power  of^  90 

—  mechanical  eouivalent  of  91, 167 
power  producible  by,  184 

—  sensible,  defined,  185 

—  latent,  defined,  185 

—  specific,  defined,  186 

—  dilatation  by,  1*9 

—  specific,  162 

—  unit  of,  162 

—  effect  of;  in  accelerating  the  velocity 
of  rivers,  425 

Heating  surface  of  boiler  per  square  foot 
of  fire  grate,  814 

to  evaporate  a  cubic  foot  of 

water  per  hour,  814 

and  cooling  surface  of  con- 
denser, 815 

in  modem  boilers,  876 

Height  from  which  bodies  have  fallen 
determinable  fi-om  their  velocity,  98 

Height  from  which  bodies  have  fallen 
determinable  from  their  time  of  fall- 
ing, 98 

—  of  chimney  proper  for  different  boilers, 
805 

Hodgkinson,  strength  of  woods  accord- 
ing to,  128 :  law  of  strength  of  pillars 
by,  128, 181 ;  of  cast-iron  beams,  183 

Horse-power,  nominal,  definition  of^  79 

actual,  definition  of,  79 

Hot  well,  indicator  diagrams  from,  859, 
860 

Hydraulic  press,  pressure  producible  by, 

—  head  of  water  different  flrom  hydro- 
static head,  426 

—  mean  depth  of  a  ship,  481 
Hydrostatic  resistance  of  vessels  increas- 
es with  speed  and  with  breadth,  422 

—  head  of  water  different  fhrom  hydraulic 
head,  426 


ICE,  weight  of  at  82%  140 
—  made  in  a  red-hot  crucible,  170 
Ir^provements  required  in  boilers  and 
condensers,  879 


LES 

Inches,  square  and  circular,  spherical, 

cylindrical,  and  conical,  9 
Incommensurables,  nature  of^  46 
Indian  system  of  numeration,  8 
Indicator,    construction    of   the,    888; 

Sichards\  884;  method  of  appljrlngthe, 

885,870 

—  diagrams,  how  to  read  886 ;  how  to 
take,  870;  various  examples  of;  888; 
fh)m  air-pump,  844,  851,  857;  £rom 
hot  well,  859 ;  from  water  pump,  861 ; 
firom  double  cylinder  engine,  865, 
869 

Indicator  diagrams,  showing  momentum 

of  indicator  piston,  847 
Inertia  defineol  105 
Infinite  series,  how  to  resolve  flracttons 

into,  66 

—  strains  from  crank  and  elbow-Jointed 
lever,  89 

Ii^ection  pipe,  to  find  the  proper  area  of, 

Injector,  Giffard's,  551 
Invisible  light,  96 

Iron,  steel,  and  oth6r  metals,  strength 
of;  125 

—  fusible  at  low  temperatures,  151 

—  works,  897 

Iron-clad  steamers  penetrable  by  shot, 

457 
Irrational  numbers  defined,  46 
'  Island  Queen,^  indicator  diagram  fh)m, 

889 


JET,  comx>osite,  in  chimney,  819 
Joule^s  experiments  on  the  conden- 
sation of  steam,  178 
Journals  of  crosshead,  proper  dimensions 

of  257 
—  air-pump  crosshead,  284 


LAMBETH  Water-works,  engines  at, 
862;  diagrams  from,  865;  duty  of; 

868 
Latent  heat  defined,  185 

of  liquefaction,  151 

—  heats  of  steams  from  water,  alcohol, 

ether,  and  sulphuret  of  carbon,  154 
Lap  of  valve  proper  for  a  given  amount 

of  expansion,  187, 189. 190 
on  eduction  side,  effects  oil  187, 

198 
Lead  plug,  880 
^Leinster,^  steamer,  computation  of  fHc- 

tlon  of;  488 
Length  of  pendulum  to  vibrate  at  any 

given  speed,  115 
vessels  should  vary  with  intended 

speed,  421 
Leslie^s  explanation  of  the  strength  of 

iron,  126 
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LET 

Letestu,  pnxnpa  br,  885 
Lever,  action  of  tho,  88 

—  elbow^ointed,  89 
Levers  of  Stanhope  prcse^  88 
Light  invisible,  94 
Lineal  measure  explained,  7 

Lines  of  ships,  400 ;  illustrated  by  shape 

of  fishes,  407 
Link  motion,  198 

—  expansion  by,  diagrams  showing,  855, 
856 

Liqnefiiction,  150 ;  latent  heat  <^,  151 ;  of 

gases,  158 
Liquids,  dilatation d[,\>j heat,  148 

—  specific  heats  of;  164 
Locomotive  engines,  proper  proportions 

of;  801 

—  boiler,  example  of;  829 

—  efficiency  of  steam  vessels,  814 
L(^:arithms,  nature  of;  52 ;  m<Mle  of  using. 

Lowest  terms,  how  to  reduce  a  f^iuction 
to,  88 


MADAGASCAB,  mode  of  numeration 
used  in,  2 
Machines,  strains  and  strengths  of;  81,  87 

—  how  to  determine  power  of;  82 
Magnitude,  standards  of;  7 

Miu;nus,  his  experiments  uiK>n  ebulli- 

tioQ,l68 
Main  links,  282 

—  centre  of  land  cn^nes,  282 

—  centre  of  marine  engines,  268 

—  beam  of  land  engines,  how  to  propor- 
tion, 283 

Maize  mill,  887 

Marine  engines,  proportions  of  the  parts 
of,  254-801 

—  boilers,  proportions  ot  814 
Marquis  de  rHopital,  his  rule  for  finding 

the  centrifugal  force,  103 
Materials,  strength  of;  124 
Maudslay  and  Go.^s  side  lever  engines, 

dimensions  of,  290 
Maximum  density  of  water,  189 
Midship  section  of  ships,  best  form  of; 

409 

—  frame  of  ships,  best  position  of,  417 
Mill  gearing,  proportions  proper  for,  246 
Mills:  flour,  887;  barley,  887;  rye,  887; 

maize,  887;  bean,  888;  oil.  888;  saw, 
888;  sugar,  890 ;  cotton,  891 ;  weaving, 
898 ;  wool,  898 ;  fueling,  894 ;  flax,  894 ; 
paper,  896 ;  rolling,  897 

Millwall  Ironworks,  engines  by,  882 

Mechanical  power  firom  the  sun,  79 

nature  of,  90 

of  the  universe  constant,  92 

—  equivalent  of  heat,  91 
Melting  points  of  solids,  148 
Membrane  pump,  by  BrAle, 


PEB 

Mercury,  relative  density  of;  100 

—  into  a  vacuum,  velocity  oil  101 
Merrrweather,  pumps  by,  886 
Metals,  strengths  of;  125 

—  conducting  powers  of;  173 
Molecular  attraction  of  water  retards 

boiling,  168 
Mcmientum  defined.  105;  of  rams,  105; 
of  cannon  balls.  105 

—  of  heavv  moving  bodies,  how  meas- 
ured, 106;  of  a  revolving  aisc,  111 

indicator  piston,  847 

Monitors,  features  of  their  construction, 
461 ;  weak  points  of;  462;  mode  of  de- 
stroying, 468 

Moors  brought  decimal  system  into  Eu- 
rope, 8 

Morin^s  experiments  on  fHctlon,  118 

Morin,  General,  his  experiments  on  va- 
rious machines,  887-897 

Motive  power  of  heat,  90 

Motion  of  fluids,  100 

—  power  required  to  juroduce,  106 

—  In  a  circle,  107 

Multiplication,  nature  of,  16;  multipli- 
cation table,  19,  28 ;  examples  of;  20 ; 
mode  of  performing,  22 

Multiplier  defined,  20 

Multiplicand  defined,  20 

Multiplication  by  fractions,  9 

—  of  ikuctions,  88 

*  Munster,^  indicator  diagrams  trom^  840 
Mylne,  his  constant  for  velodly  of  water 
in  pipes,  206 


NAPIER,  DAVID,  his  haystack  boil- 
ers, 178,  816 
Numerator  of  fractions  defined,  5 


OAK  posts,  proper  load  for,  180 
Oil  mill,  888 
Ordnance,  increased  power  o^  attainable, 

459 
*■  Orontes^  indicator,  diagrams  from,  848, 

849 
Oscillation,  centre  of,  114 
Oxygen  required  for  combustion,  175 


PADDLE  shaft,  294 
Paper  mill,  896 
Parallel  motion,  how  to  describe  the,  207 
Parallelopiped,  circimiscribing,  406 
Peelers  rule  for  proportions  of  chim- 
neys, 806 
Pendulum,  action  of  the,  95 

—  laws  of  the,  114 

—  centrifogal,  116 
Percussion,  centre  ot  112 
Perrin,  pumps  by,  887 
Perry,  pumps  by,  887 
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FEB 

Persian  wheel,  886 

*  Persia,'  steamer,  889 

Phipps,  on  resistances  of  bodies  by,  486 

Pillars,  law  of  strei^^  of,  181 

Pipes,  velocity  of  water  flowing  in,  199, 

—  and  passages,  proper  proportions  of^ 
for  different  powers,  800 

Piston  rod  for  land  engines,  281 

—  —  of  marine  engines,  261 
table  of  proportions  ot, 

299 

—  valves,  bv  D.  Thomson,  868 

—  guns,  459 

Plates  of  boilers,  proper  thickness  of^ 

822 
Plus,  the  sign  of  addition,  10 
Pneumatic  Despatch  Companv's  engine, 

indicator  dia^ams  Srom^  854, 855 
Portsmoath   floating  bridge,  diagrams 

from,  855,  856 
Posts  of  oak,  proper  load  for,  180 
Powers  and  roots  of  numbers,  49 
Power,  m>  chanical,  from  the  sun,  79 

—  mechanical,  nature  of,  90 

—  motive,  of  heat,  90 

—  requir^  to  produce  motion,  106 

—  resident  in  a  revolving  disc,  111 

—  producible  by  a  given  quantity  of 
heat,  181 

in  a  perfect  engine.  181 

—  cheapest  source  o%  181 

—  nominal,  how  to  determine,  208;  Ad- 
miralty rule  for,  211 

of  Doilers  an  indefinite  expression, 

809 

—  and  performance  of  engines,  888 

—  loom  weaving,  898 

—  required  to  i)roduce  a  given  speed  in 
steam  vessels,  480, 482, 4^ 

Press,  Stanhope,  89 

Pressure,  atmospheric,  how  produced, 
100 

—  permissible  on  bearings  moving  with 
a  given  speed,  121 

—  strength  of  boiler  to  withstand,  822 

—  safe,  in  a  cylindrical  boiler,  825,  826 

—  collapsing  of  flues,  827 
Pressures  and  volumes  of  gas,  147 
Printing  machines,  896 
Product  defined,  20 

Projectiles  should  contain  rocket  com- 
IK)sition,  460 ;  and  have  spiral  feathers 
to  put  them  into  revolution,  460 

Proportion,  nature  of,  42 

Proportions  of  steam-engines,  208,  214 

engines  Md  down  to  curves,  288 

locomotive  engines,  801 

boilers,  804 

wagon  boilers,  810 ;  of  flue  boilers, 

811 

Pump,  combined  plunger  and  .bucket, 


SAW 

Pumps,  relative  efSciency  of  different 
kinds,  887 

—  by  various  makers,  887 

Pumping  engine  at  St  Katherine's  docks, 
diagram  from,  846 

—  engines,  friction   ot,  867;   duty  of^ 
868 


AUOTIENT  defined,  24 


RADIATION  of  heat,  171 
Sankine,  his  method  of  computing 
speed  of  steam  vessels,  448 

Batio,  or  Proportion,  nature  of^  42 

Beaumur's  thermometer,  188 

Bed-hot  crucible,  ice  made  in.  170 

Beduction,  67 

Bo^ault,  his  experiments  on  dilatation 
m  gases,  145 

BegnaulOs  formulee  for  the  elastic  force 
of  steam,  158 

Belative  bulks  of  water  and  steam  at  at- 
mospheric pressure,  102 

Bennie,  tensile  strength  of  metals  ac- 
cording to,  126 

^Beseardi,'  indicator  diagram  from, 
849 

Besistance  of  vessels,  899 

mainly  caused  by  friction,  428, 

442 

at  bow  and  stem,  486 

—  hydrostatic,  of  vessels,  increases  with 
speed  and  with  breadth,  422 

^Bhone'  steamer,  proportions  of  engines 

and  boilers  of,  882 
Bichards'  Indicator,  884 
Bivers,  velocity  of,  199 

—  have  water  highest  where  stream  is 
fastest,  424 ;  efrect  of  temperature  on 
velocity,  425 

Biveted  joints,  best  proportions  of;  820 ; 

strength  of;  820 
Bevolvlng  bodies,  centriftigal  force  of; 

109;  bursting  velocity,  110 
Bocket  vessels  propelled  by  rockets,  a 

new  expedient  of  warfare.  464 
Boman  method  of  numeration,  8 
Boots,  square,  44 ;  cube,  48 
Bopes  tightened  by  pulling  sideways, 

84 
Bule  of  three,  42 
Bye  mill,  887 


SAFETY  valves,  rule  for  proportion- 
ing, 219 
Saw  niill,  888 ;  for  veneers,  889 
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Saw  cirenlor,  889 

—  for  stones,  889 

Screw,  pressnre  producible  by,  81 

—  dUrerentia],  pressure  producible  by, 
81.85 

—  or  Archimedes,  886 

*  Scud,^  diagram  from  hot  well  ot  860 
Seawflffd  and  Co.^s  side  lever  engines,  di- 

mensions  o^  292 
Sectional  area  of  boiler  flues  or  tubes, 

814;  of  chinmey,  814 
Sensible  heat  defined,  186 
Side  lever,  proper  proportions  oi^  267; 

studs  of^  269;  thi<^ess  of  eye  round, 

271 
engines,  dimensions  €f,  by  Galrd 

and  Co.,  287 ;  by  Maudslay,  290 ;  by 

Seaward,  292 

—  rods  of  marine  engines,  proper  pro- 
portions of;  258 

—  rods  of  air-pump  in  marine  engines, 
284 

Solid  measure  explained,  8 
Solids,  melting  points  of;  148 
Specific  heat  denned,  185 

162;  of  different  bodies,  168,  165, 

166 

—  heats  under  constant  jpressure  and 
under  constant  volume,  164, 167 

—  gravities,  tables  of,  165 

of  oxygen   and   carbonic   acid, 

175 

Speed  of  steamers,  rule  for  determining, 
77 

steam  vessels,  how  to  determine, 

480,  432,  443 

vessels  a  main  condition  of  success 

in  war,  460 

common  steamers  may  be  increas- 
ed by  rocket  composition,  464 

Shafts,  strength  of,  138 

—  of  fiy-wheel,  288.  239 

—  for  paddles,  294 ;  sizes  of  wrought-iron 
shafts  for  different  powers,  294 

Ships,  maximum  breadth  ot,  best  posi- 
tion of,  417 

—  length  of,  should  vary  with  intended 
spo^  421 

—  resistance  of,  mainly  caused  by  fHc- 
tion,  428, 442 

Spherical  measure,  9 

Spheroidal  condition  of  water,  169 

Square  measure  explained,  8 

—  and  circular  inches,  9 

—  roots,  nature  of,  44 
of  fi-actions,  45 

—  root,  method  of  extracting,  47 
Squares  and  square  roots,  44' 

—  of  fractions,  45 

St  Katherine's  Dock,  diagram  of  engine 

at,34G 
Standards  of  magnitude,  7 
Stanhope  press,  levers  of,  89 


BTJK 

Stays  of  boilera,  821 

Steam-engines,  great  iraste  of  best  in, 

Steam-engtne,  theory  of  tbe,  184 
Steams,  latent  heats  of;  fh>m  water,  al- 
cohol, ether,  and  sulphur  of  carbon, 
154 
Steam  and  water,  relative  bulks  (^  at  at- 
mospheric pressure,  102 

—  of  atmospnerio  pressure,  density  of; 
102 

—  rushing  into  a  vacaum,  Telocity  of; 
102 ;  velocity  the  same  at  all  pressures, 
102;  velocity  into  the  atmosphere, 
108 

—  sensible  and  latent  heat  o^  by  M. 
Begnault,  155;  elastic  fbrce  of;  155- 
161 

—  expanding,  mean  pressure  of;  285 

—  ports,  216 

—  pipes,  proper  size  of;  218 

—  DoilereLproportions  of;  804 

—  room,  815 

—  ports  of  locomotives,  880 

—  pipes  of  locomotives,  881 

—  navigation,  899 

—  vessels,  locomotive  efficiency  of;  818 
Steamers,    equation    for    determining 

speed  of  77 

Steamer '  Fairy/^body  plan  of;  454 ;  *  Bat- 
tier,' 455;  » Bremen,'  ^;  » Persia,' 
457;  'Warrior,' 468 

Stones,  strength  of;  126 

—  machine  for  sawing,  889 

Strains  of  machines,  how  measured,  81, 
86 

—  infinite,  how  produced,  89 

Strap  of  side  rod,  proper  dimensions  o^ 
269 

connecting  rod,  proper  dimensions 

0^265 

Straps  of  air-pump  side  rods,  285 

Strengths  of  machines,  how  determined, 
81,86 

Strength  of  main  beam  of  an  engine, 
87 

of  materials,  124 ;  elastic  strength, 

124 

cast-iron  columns,  129, 181 ;  of  cast- 
iron  beams,  138 ;  of  shafts,  188 

boiler  to  withstand  any  given  pres- 
sure, 322 

Studs  of  the  beams  of  land  engines, 
232 

—  in  side  lever,  269 ;  metal  round  studs, 
271 

Subtraction,  nature  of,  18 ;  indicated  by 
—  or  minus,  14;  method  of  perform* 
ing,  15;  examples  o^  16 

—  of  fractions,  34 
Sugai-  mill,  390 

Sun  the  source  of  mechanical  power, 
79 
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SUP 

Saperficial  measore  explained,  7 
Superheater,  proportions  oil  In  steamer 

*  Rhone,' 888 
Surds  or  hiconunensnrables,  46 
Surface  of  boiler  required  to  evaporate  a 

cubic  foot  of  water  per  hour.  809 

—  condensers,  proportions  ot,  in  steamer 
'Han8a,'814 

—  condensers,  815 

—  heating,  of  modem  boilers,  875 

—  condensers  cause  internal  corrosion  in 
boilers,  881 ;  proportions  oil  in  steamer 
'  Rhone,'  888 


TABLE  of  addition,  11 
Tables,  multiplication,  19,  28 
*Tay'  steamer,  dimensions  of,  287 
Temperature  defined,  185 
Temperatures  of  liquefieuition  and  ebulli- 
tion constant,  187 

steam  at  different  pressures,  159 

Tensile  strengths  of  metals,  126;   of 
woods,   127;    crushing  strengths  of 
•woods,  128;  iron,  129 

—  strength  of  boiler  plates,  821 

*  Teviot'  steamer,  dimensions  of^  287 

Theory  of  the  steam-engine,  184 

Thermo-dynamic8,184 

Thermometers,  187;  Oentigrade,  Reau- 
mur's, and  Fahrenheit's  compared, 
189 

Thermal  unit,  162 

Thomson,  D.,  rotative  pumping  engines 

bv,  862;  double  cylinder  engines  by, 

86z;   combined  plunger  and  bucket 

pump  by,  868 
Throttling  the  steam,  effect  of^  198 
Time  during  which  bodies  have  Mien 

determinable  from  their  velocity,  99 
— by  height  rallen 

through,  98 
Toothed  wheels,  proportions  proper  for, 

246 
Torsion,  strength  to  resist,  of  different 

metals,  188 
Transverse  section  of  ships,  best  form  of^ 

409 
Tubes  of  locomotive  boilers,  880 

*  Tweed'  steamer,  dimensions  of^  287 
T^lor,  pumps  by,  886 

^TTLSTER,*  indicator  diagrams  from, 

U     842,845,852 
Unit,  meaning  of  the  term,  5 

—  of  heat,  162 

Uptake  of  boilers,  sectional  area  of^  876 

YACUUM,  velocity  of  air,  water,  and 
mercury  into,  101;  of  steam  and 
gas,  102 


WAG 

Yalues  of  different  coals  in  generating 
steam,  177 

Valve  piston,  by  D.  Thomson,  868 

Yaporisation,  152;  latent  heat  of,  154 

Yapours  and  gases,  difference  between 
152 

Yelocities,  virtual,  law  ot,  79 

Yelocity  of  lulling  bodies,  95 

determinable  ftom  height 

fallen,  97 ;  from  time  of  falling,  97 

air,  water,  and  mercury  into  a  va- 
cuum, 101 ;  €a  steam  and  gas,  102 

rotation  that  will  burst  by  centrifu- 
gal force,  110 

—  permissible  in  bearings  moving  un- 
der a  given  pressure,  128 

water  in  rivers,  canals,  and  pipes, 

199 
water  flowing  in  pipes  and  canals, 

433 
Yeneer  saw,  889 
Yermicelli  machine,  888 
Yertical  tubes,  advantages  of,  877 
Yessels,  resistance  of,  899 ;  proper  shape 

oi;401 

—  maximum  breadth  ot  best  position 
of;  417 

—  length  of;  should  vary  with  intended 
speed,  421 

—  resistance  of,  mainly  caused  by  fric- 
tion, 428, 442 

Yibrations  of  pendulums,  rule  for  deter- 
mining, 115 

*  Yictoria  and  Albert,'  indicator  diagram 
ftom.852 

Yirtual  velocities,  law  of;  79 

Yiscosity  or  molecular  attraction,  168 

Vis  'oiAsa,,  nature  of;  90 

Yolumes,  relative,  of  water  and  steam  at 
atmospheric  pressure,  102 

—  and  pressures  of  gases,  146 

—  of  gases,  166 

YiUgar  firactions,  nature  of,  5 


WAGON  boilers,  proportions  ot  810 
Water,  relative  density  of,  100 

—  into  a  vacuum,  veloci^  or,  101 

—  and  steam,  relative  bulks  of;  atatmos 
pherlc  pressure,  102 

—  maximum  density  of;  189 

—  weight  of;  at  82%  189 

—  velocity   of,  in  rivers,  canals,   and 
pipes,  488 

—  works,  Indicator  diagram  fh)mpump, 
861 

—  lines  of  ships,  400;    illustrated  by 
shape  of  flshes,  408 

—  in  pipes,  fHctlon  of  the  same  at  all 
pressures,  429 

—  velocity  of;  in  pipes,  484;  in  canals, 
484 
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WAB 

War,  maritime,  new  resonrces  ayallable 
for,  461-164 

*  Warrior^  steamer,  bodv  plan  of;  458; 
tranaverse  aection  of,  459 

Waste  water  pipe,  to  find  the  proper  di- 
ameter of,  224 

Wave  raised  hj  a  yessel,  414, 419 ;  mo- 
tion of;  420 

Weaving  \>j  stoam,  898;  by  compressed 
air,  898 

Wel«ht8  lifted  bv  machines,  82 

Wenham's  double  cylinder  engine,  868 


ZUB 

Wheels,  teeth  o£  247 
Winch  welghto  lifted  by,  81 
Wlrtz's  Zurich  machine,  886 
Woods,  strength  of.  125 
Wool-spinning  mill,  898 
Working  beam  of  land  engines,  how  to 
proportion,  288 


7EB0,  absolute,  187 
lA    Zurich  machine,  886 
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The  following  extract  from  the  Preface  will  explain  the  plan  of 
the  Editor: 

**  The  objects  which  have  been  steadily  kept  in  view,  are  the  fol- 
lowing :  To  famish  a  work  of  reference  on  all  points  connected  with 
the  subjects  included  in  its  design,  which  should  be  of  the  most  reliable 
character.  To  give  to  the  scientific  student  and  the  public  the  most 
exact  details  of  those  manufactures  which  involve  the  application  of 
the  discoveries  of  either  physics  or  chemistry.  To  include  so  much  of 
science  as  may  render  the  philosophy  of  manufacture  at  once  intelli- 
gible, and  enable  the  technical  man  to  appreciate  the  value  of  abstruse 
research.  To  include  such  commercial  information  as  may  guide  the 
manufacturer,  and  fairly  represent  the  history  and  the  value  of  such 
Foreign  and  Colonial  productions  as  are  imported  in  the  raw  condition. 
To  present  to  the  public,  without  much  elaboration,  a  sufficiently  co- 
pious description  of  the  Arts  we  cultivate,  of  the  manufactures  for 
which  we  are  distinguished,  and  of  those  mining  and  metallurgical 
operations  which  are  so  pre-eminently  of  native  growth,  including  at 
the  same  time  a  sufficiently  detailed  account  of  the  industries  of  other 
States. 

**  I  commenced  the  New  Edition  of  Ure's  Dictionary  with  an  ear- 
nest determination  to  render  the  work  as  complete  and  as  correct  as  it 
was  possible  for  me  to  make  it.  I  soon  became  conscious  of  my  imper- 
fect knowledge  of  many  subjects  embraced  within  the  scheme, — and 
even  after  having  labored  to  acquire  that  knowledge  from  books,  I  of- 
ten found  there  was  still  a  want.  In  my  necessities  I  have  asked  the 
aid  of  the  manufacturer,  and  the  advice  of  the  man  of  science, — and 
never  haviag  been  refused  the  information  solicited,  I  am  led  to  hope 
that  those  who  may  possess  these  volumes  will  find  in  them  more  prac- 
tical knowledge  than  exists  in  any  work  of  a  similar  character.  Fcf 
this  they  are  indebted  to  the  liberal  feeling  which  marks  the  great 
Bianufaoturers  of  England  and  distinguishes  her  men  of  scienoe. 

D.  APPLETON  &  OO^  PabUihen. 
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EvEBY  one  that  reads,  every  one  that  mingles  in  society,  it* 
constantly  meeting  'with  allusions  to  subjects  on  which  h^ 
needs  and  desires  farther  information.  In  conversation,  in 
trade,  in  professional  life,  on  the  farm,  in  the  family,  practical 
questions  are  continually  arising,  which  no  man,  well  read  or 
not,  can  always  satisfactorily  answer.  If  facilities  for  reference 
are  at  hand,  they  are  consulted,  and  not  only  is  the  curiosity 
gratified,  and  the  stock  of  knowledge  increased,  but  perhaps 
information  is  gained  and  ideas  are  suggested  that  will  directly 
contribute  to  the  business  success  of  the  party  concerned. 

With  a  Cyclopaedia,  embracing  every  conceivable  subject, 
and  having  its  topics  alphabetically  arranged,  not  a  moment  is 
lost.  The  matter  in  question  is  found  at  once,  digested,  con- 
densed, stripped  of  all  that  is  irrelevant  and  unnecessary,  and 
verified  by  a  comparison  of  the  best  authorities.  Moreover, 
while  only  men  of  fortune  can  collect  a  library  complete  in  all 
the  departments  of  knowledge,  a  Oyclopsedia,  worth  in  itself 
for  purposes  of  reference,  at  least  a  thousand  volumes,  is  within 
the  reach  of  all — the  clerk,  the  merchant,  the  professional  man, 
the  farmer,  the  mechanic.  In  a  country  like  ours,  where  the 
humblest  may  be  called  to  responsible  positions  requiiing 
intelligence  and  general  information,  the  value  of  such  a  work 
can  not  be  over-estimated. 
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